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ADVERTISEMENT. 


T il K Committeeappointed by flic Royal Society to direft the pub* 
licationof the Pbilofopbical Tranfattms, take this opportunity to 
acquaint the Public, that it fully appears, as well from the council-books 
anti journals of the Society, as from repeated declarations which have 
been made in fevcral former TranfaCHonn, that the printing of them was 
always, from time to time, the finglc aft of the refpeftive Secretaries, till 
the Forfy-f'eventh Volume: the Society, as aBody,never intercflmgtliera- 
fdves any further in their publication, than by occafionally recommending 
the revival of them to feme of their Secretaries, when, from the particular 
circumliana’s <>( their affairs, the Tmifaffiom had happened for any 
leugth of time to be intermitted. And this feems principally to have 
been done with a view to fatisfy the Public, that their ufual meetings 
were then continued for the improvement of knowledge, and benefit of 
mankind, the great ends of their firfl inflitution by the Iloyal Charters, 
and which they have ever fmee ftcadily purfued. 

But the Society being of late years greatly inlargcd, and their com¬ 
munications more numerous, it was thought advifable, that a Committee 
of their members fhould be appointed to reconfider the papers read be¬ 
fore them, and fcleft out of them fuch, as they fhould judge moft pro¬ 
per for publication in the future TranfafUens ; which was accordingly 
done upon the adth of March 1732. And the grounds of their choice 
are, and will continue to be, the importance and Angularity of the fub- 
je&s, or the advantageous manner of treating them; without pretending 
to anfwer for the certainty of the fails, or propriety of the rcafonings, 
contained in the fevcral papers fo publifhed, which muff ftiil reft on the 
credit or judgment of their refpeftive authors, 

A % ft 
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It is llkewiib ncccffary on this occafion to remark* that it is an efts* 
blifhcd rule of the Society, to which they will always adhere, never to 
give their opinion, as a Body, upon any fubjeft, either of Nature or Art, 
that comes before them. And therefore the thanks, which arc fre¬ 
quently propofed from the chair, to be given to the authors of fuch pa¬ 
pers as arc read at their accuftomed meetings, or to the perfons through 
whofe hands they receive them, are to be confidered in no other light 
than as a matter of civility, in return for the refpeft fhewn to the Society 
by thofe communications. The like alfo is to be faid With regard to 
the feveral projects, inventions, and curioftties of various kinds, which 
are often exhibited to the Society; the authors whereof, or thofe who 
exhibit them, frequently take the liberty to report, and even to certify 
in the public news-papers, that they have met with the higheft appls&fe 
and approbation. And therefore it is hoped, that no regard will here¬ 
after be paid to fuch reports, and public notices j which in fomc iaftancei 
have been too lightly credited, to the diihonour of the Society, 
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P ERHAPS no part of the fcicncc of Mechanics has been 
cultivated by the ingenious with more aftiduity, or more 
dcfervcdly fo, than the art of dividing Circles for the purjpofe 
of Aftronomy and Navigation. It is laid, that Tycho Bbahb 
Voi. LXXVI. B anJ 
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and Heveuus laboured this part of their inflruments with 
their own hands; and though public rewards have at length 
brought forth different methods of dividing from our bcft 
nrtifls, which have been communicated to the Public; yet l 
truft it will be thought, time if any thing relative to thi» 
bufinefs remains yet behind, that may tend to furnifh the 
ingenious artifts, who are cultivating this lield, with any new 
or curious idea upon the fubjedt, it will be well worth communi¬ 
cating to this learned Society: fuice, if an hint, which is 
effentially different from any thing that (fo fiir as I know) the 
Public is in pofleffion of, be once flatted, and is purlued and 
worked upon by ingenious men, it is not pollibl§ to fay, to 
what valuable purpofes it may be converted. 

This, perhaps, will better appear by taking a Ihoit review 
of the labours of others, from the time of Tycho Brahe 
and Heve Lius (who did not ufe tclefcopic lights) to the prefent 
time. 

The very learned, ingenious, and inventive Dr. Hook, in 
his Animadverlions on the Macbina Cceieftis of Hhvemus, 
published in the year 1674, has given us an elaborate deferip- 
tion of a quadrant, whofe divilions were formed, and after¬ 
wards read off, by means of an endlefs ferew, working upon 
the outermoft border of the limb of a quadrant) which, he 
fays, does not at all depend upon the care and diligence of the in~ 
pument-muker in dividing, graving , or numbering the divifmt , 
for the fame ferew ma\e$ it from end to end ; yet he has given ns 
no account of any particular care or caution that he ufed, in 
preventing the lame ferew from making larger or fraaller paces, 
in, confequence of unequal refinance, from a different hardnefs 
^ jfc e rae tal in different parts of the limb} nor any method of 
cowling or checking the fame; nor of making a ferew, the 
* angle 
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angle of whole threads with the axis dull be equal in every part 
of the circumference; therefore the whole of this bufinefs (in 
which accurate mechansjls wdl know con fills the whole of the 
difficulty) he refers to ihc.inpeniorn xvorkimv: ; and, in p:\rtieuku, 
to the then celebrated Mr. ToMi’tON, whom, he fays, he em¬ 
ployed to make his infirument, and who had thereby feen and 
experienced the difficulties that do occ»r therein : but was any in¬ 
genious workman now to purfue the direct ions of Dr. Hook* 
fo far as his communication thereof extends, we may con¬ 
clude, that lie would make a very inaccurate piece of Work, 
far inferior in performance to what the Dodor foems to expedt 
from it*. But yet, I believe, it was the firfl attempt to apply 
thecndlcfs ferew and wheel, or arch, to the purpofe of form¬ 
ing divitions for agronomical Uvftrumcnts; for, the Dodor lays 
himfelf, the perfe&ion of this infirument is the way of making 
the divifions; that it excels all the common ways of divifm : 
and in the table of contents it is intituled, An Explication of the 
new Way of dividing. 

This * method, however, of Dr. Hook’s was not laid aftde 
without a very full and fufficient trial : for Mr. FlamsteKO, 
in the Prolegomena of the third volume of Hi/ioria CceleJUs , in¬ 
forms ns, that he contrived the fextant, wherewith his obfer- 
vations were chiefly made, from his entrance into the Royal 
Obfervatory in the year 1676 to the year 1689. This fextant was 
firfl: made of wood, and afterwards of iron, with a biafs limb 
of two inches broad, by Mr. ToMi’iotf, at the expence of Sir 
Jottas Moon k; the radius thereof was 6 feet 9J inches; it 
was fumilhed with an cndlcfs fiercw upon its limb of <ij 

* This wa» indeed vended in an attempt upon the fame plan By the Due we 
Chauln xa, pubWUed in a Memoir of the Royal Academy of Science* at * an9 t 

for the year 176* g % threads 
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threads in an inch, and with tclcfcopic fight,'.'. Of this in- 
ftrumeut JVIr. Flamsteed gives the figuic at the Littci end oi 
Ills 1Prolegomena before-mentioned, lufliciently latgv to tec the 
general defign ; the whole king mounted upon a fining polar 
axis of iron, of three inches diameter. 

Though, in the full ddciiption of this ixiftrumtnf, Mi*. 
Flamsteed mentioned the JVunb’s king lurnhkd with dia¬ 
gonal diviftom, , diftinguifliing the arch to io fecondsf; yet It 
is pretty clear, that it had not thefo originally upon it; hut 
that the dependance was wholly upon the {brew divifions, 
when it came out of Mr. Tom r ion’s hands. This one may 
rcafonahly infer from the obfervations themfolves; for the firft 
oblervation, fot down as taken with this inftrument, being 
upon the 29th of O&obcr, 1676, it was not till the nth of 
September, 1677, that the column which contained the check 
angle by diagonal lines was filled up; and there was alio a 
{pace of time, antecedent to that loft mentioned, wherein no 
obfervations are recorded as taken with this iuftrument, in 
which time the diagonal divifions might be put on; and this 
will be put beyond a doubt, as he fays expreffly, that finding, 
in the year 1677, that the threads of the ferew had worn the 
border of the limb, he divided the limb into degrees himiclf, 
and drew a fet of diagonal divifions $; and then comparing the 
two fets of divifions together, lie fometiracs found them to 
differ a whole minute 5 wherefore, for corrosion thereof, he 
conftru&ed a new table for converfiou of the revolutions and 
parts of the ferew into degrees, minutes, and fcconds 5 and 

. * “ — Qjialcm nemo, ccelo adhibens;—” Preface to Hiftori# Cartel printed 

bone vol. 1713. 

♦ 

^ frolcgomena Iiiftor. Cceldh vol III* p« 104# 

* p* xo6# ** Gtadui m limbo deftribmacdiagouftload^S* 11 , 

* which 
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which he applied in the oblcrvations taken in 1678.—However, 
nofwithftauding this corroilion, in looking over the obfervations 
noted down as deduced each way, I frequently find a diffen nee 
of half a minute ; not unfrequently 40 v ; but in an obfervation 
of the moon, of the 9th June, 1687, 1 find a dilfumu'of 55 // ’ ic , 
which upon a radius of 6 feet 9 inches amounts to mon than 
T " 0 th part of an inch. 

In the year 1689, Mr. Fj.amste&d compleated his mural arc 
at Greenwich ; and, in the Prolegomena before-mentioned, he 
makes an ample acknowledgement of the particular afliftance, 
care, and induftry of Mr. Abraham Sharp ; whom, in the 
month of Auguft, 1688, he brought into the obfervatory, as 
his tmammfn ; and being, as Mr. Flamsteed fells us, not 
only a very fkilful mathematician, but exceedingly expert in 
mechanical operations +, he was principally employed in the 
conftrufltion of the mural arc; which in the compafs of fourteen, 
months he finifhed, fb greatly to the fatisfa&ion of Mr Flam¬ 
steed, that he fpeaks of him in the higheft terms of praife 

This celebrated Inftrument, of which he alfo gives the figure 
at the end of the Prolegomena , was of the radius of 6 feet 74 
Inches; and,'in like manner as the fextant, was furnUhed both 


# Vol. I* of Hid. Coelefl, p, 343. 

f “ Qjjl meehanices perqtium expertus, pariter ac mnthefeos peritus. w Prole* 
gomcna, vol. III. p. 108. 

| <* Sn/urtmia fervus metis fideliflimus, ac omnibus quidem dot thus & facul- 
♦* tatibus crat imbutui, qua* ipfum tarn iubtili & difficili operi obeundo idoneum 
** reddetenf.” Prolcgom. ibid. 

And on finifhing the inflnunent, he fays, “Cnidus deferibuntur fire nume- 
** raatur et exfculpantur, artificiofa manuali opera di£H domini Sharp, qui linobum 
« partitas eft, diugonales duxit, totumque organum ablblvit ct perfecit* *deo 
« ut prasftgotiflSmi quivis artifices poftquam illud confpexerunt et coaMerarunt, 


** feexa&iusid pfragere non potuiffe, agnoverint.” Prolegoftj *& UK 


with. 
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withfcrew and diagonal divifions, all performed by the accurate 
hand of Mr. Sharp. But yet, whoever compares the difib« nr 
parts of the table for convcriion of the revolution;. and part.-, oi 
the ferew belonging to the mural are info degrees minutes and 
iecouds *, with each other, at the lame diflaneclromthe zenith 
on different fules; and with their halves, cpiarteis, dec. will 
find as notable a difagreement of the ferew-work from the hand- 
divifions, as had appeared before in the work of Mr. Tompton : 
and hence we may conclude, that the method of Dr. Hook, 
belrig executed by two fueh mafterly hands as Tompion and 
Sharp, and found defective, is in reality not to be depended 


upon in nice matters. 

From the account of Mr. Flamsteed it appears alfo, that 
Mr. Sharp obtained the zenith point of the inftrument, or line 
ofcoUimutton , by obfervation of the zenith liars, with the face of 
the inftrument on the caff and on the weft fide of the wall +; 
and that having made the index ftronger (to prevent flexure) 
than that of the fextant, and thereby heavier, he contrived, by 
means of pullics and balancing weights, to relieve the hand that 
was to move it from a great part of its gravity +. 

I have been the more particular relating to Mr. Sharp, in the 
buffnefs of conftrudting this mural arc; not only becaufe we may 
luppofe it the firli good and valid inftrument of the kind, but 
becaufe I look upon Mr. Sharp to have been the firft perfon 
that cut accurate and delicate divifions upon aftronomical inftru- 
ments j of which, independent of Mr, Flamstkkd's toftimony* 
there ftill remain confiderable proofs: for, after leaving Mr. 
Flamsteed, and quitting the department above-mentioned | f 


• Hift, Coaleft. vol, II. Appendix. f Prolegom. p. 109. 

. $ Mr. Sharp continued in flrift correspondence with Mf, FtAMSTRio ft long 
as he lived, as appeared by letters of Mr* Fjlamstbeo'* found after M*» 8ha»p's 
deMbf may of which I have Icen. 

he 
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be retired into Yorkjhire , to the village of Little Horton, near 
Bradford, , where he ended his days about the year 1743 ; and 
where I have feen not only a large and very fine collection of 
mechanical tools (the principal ones being made with his own 
hands), but alfo a great variety of fcales and itiflruments made 
therewith, both in wood and brafs, the divifions whereof were 
fo exquifite, as would not dileredit the firfi: artifts of the prefent 
times: and I believe there is now remaining a quadrant, of four 
or five feet radius, framed of wood, but the limb covered with 
a brafs plate ; the fubdivifions being done by diagonals, the lines 
of which are as finely cut as tliofe upon the quadrants at Green¬ 
wich. The delicacy of Mr. Sharp’s hand will indeed perma¬ 
nently appear from the copper plates in a quarto book, publifhed 
in the year 1718, intituled, Geometry improved by A. Sharp , 
Philomath, whereof not only the geometrical lines upon the 
plates, but the whole of the engraving of letters and figures, 
were done by himfelf, as I was told by a perfbn in the mathe¬ 
matical line, who very frequently attended Mr. Sharp in the 
latter part of his life. 1 therefore look upon Mr. Sharp as the 
firft perfonthat brought the affair of hand divilion to any degree 
of perfe&ion. 

Some time about the cfiablifhment of the mural arc at Green¬ 
wich, the celebrated Danifh Aftronomer Olaus Roemer 
began his domeftic Obfervatory, which he fmifhed in the year 
1715, as we are informed by his hifiorian Peter Horrebow, 
in the third volume of his works, in the tra£, intituled, 
Bafs Aftrowmia, publifhed in the year 1741. In this tradf is 
the defeription of an inffrumen t, Tab. III. which not only 
anfwered the purpofe of the meridian arc; but, its telefcope 
being mounted upon a long axis, became alfo in reality what 
we now c al l a Yr&nftt In/frument ; and which furnifhed, fo far 
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as I have been able to learn, the firft idea thereof. One end of 
the axis of this inftrument being the center ol the meridian ate% 
and carrying its index, M. Roemkr thereby avoided the enors 
arid tig from the plane of the mural arc not being ucculately »i 
vertical plane; and which Mr. 1 *lamstkki> endeavoured to 
check, by obferving the pallage of known ft an-, neatly in the 
fame parallel of declination ; that is, puffing nearly over the 
fame part of the plane of the arc ; by which he was* enabled to 
corrcfl or check the errors of the arc m right alcenllon. Sut 
it is the peculiar method in which Rokmkh divided his mftru** 
ments, that occalions him here to be introduced. 

Though it is a very fimplu problem by which geometricians 
teach how to divide a given right line into any number of parts 
required; yet it is Rill a much more limplc thing to fet oil* 
upon a given right line, from a point given, any number of 
equal parts required, where the total length is not exactly 
limited; for this amounts to nothing more than nfluming a 
convenient opening of the compafles, and beginning at the 
point given, to let off the opening of the compafles as many 
times in fucceffion, as there are equal parts required; which 
proeds is as applicable to the arch of a circle as it is to a right 
line. Of this limple principle Roemer endeavoured to avail 
himfelf. 

For this purpofe M. Roemicr took two Riff, hut very fine- 
pointed, pieces of Reel, and fixed them together, lb as to 
avoid, as much as poflible, every degree of fpring that would 
neceflarily attend long-legged compafles, or even thofc of the 
fhortefl and AiffeA kind when the points are brought near toge¬ 
ther. The diRance of the points that he chofe was about the 
T %.or ,‘ v of an inch. This, upon a radius of 2i or three feet, 
would be about 10 minutes. With this opening, beginning 

at 
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at the point given, he fet equal fpaces in fucceflion to the 
end of his arch, which was about j§°. Thofo were diftin- 
gui filed upon the limb of the Jinftrument by very fine points, 
which were referred to by a grofler divifion, the whole being 
properly numbered. The fubdivifion of thofo arches of 10 
minutes each was performed by a double microfcope, carried 
upon the arm or radius of the inftrument, the common focus 
being furnifhed with parallel threads of finglc filk, whereof 
eleven being difpofed at ten equal intervals, comprehending 
together one ten-minute divifion, the diftance of the nearefl: 
threads became a very vifible fpacc, anfwcrablc to one minute 
each, and therefore capable of a much further fubdivifion by 
efHmation. 

The divifions of this inilrumont were therefore, properly 
{peaking, not degrees and minutes; but yet, if exa&ly equal, 
would forve the purpofe as well, when their true value was 
found, which was done by comparifon with larger inftru- 
ments. 

Now, if it be confidcred, that in going flep by flop of ten 
minutes each, through a fpace of 75 degrees, there will be a 
fucceflion of 450 divifions, dependant upon each other; if it 
be alfo confidcred, that the leaf!: degree of extuberance in the 
furfiice of the metal, where each new point is fet down, 0* 
the Icaffc hard particle (wherewith all tlic bafe metals feem to 
abound) will caufe a deviation in the firft impreflion of a tapes 
point, and thereby produce an inequality in the divifion 5 it is 
evident, that though this inequality may be very fmall, and 
even imperceptible between neighbouring divifions, yet among 
difiant ones, it may and will arife to fomething confiderable» 
which, in the menfuration of angles, will have the fame ill 
tendency as in near ones. Now, as M. Rgemer has given ns no 
Vol. LXXVl C means 
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means of checking the diftant divilions, in rd'pcft of each 
other, it is very probable that no one ins followed his flops, 
in calcs w here groat accuracy was required, in a confide! able 
number of divilions. For in reality this method is likeIy to tall 
far fliort of l>r. Hook’s ; as Dr. Hook’s divilions king cut in^ 
a fimilar fuccefiivc manner, by the rotation ot the fharp tJ^t' ot 
the threads of a ferew again ft the exterior edge of the limb of 
the inftrumcnr, a very flight degree ot piclime will bring .1 
fine ferew of thirty threads in an inch (which he prdcribes) to 
touch again ft an arch whofo radius is four or five feet in more 
than one, two, three, or four threads at once; ib that the 
threads tuppnrtmg one another, a fmiiU cxtuberancc, or even a 
fmall hard particle in the metal, will be cut through or re¬ 
moved by the grinding or rather fawing motion of the ferew; 
and which, in regard to its contafl, being in reality an edge, 
will be much more efteftual (that is, more firm) in its rt tui¬ 
tion than a mere flmple poifit: and a repetition of the opera¬ 
tion, from the lupport of the threads to each other, will tend 
to mend the firlt traces; whereas, in Roemer’s way, a repeti¬ 
tion will make them wprle; for, whatever drove forward or 
bickward the point on firft entering, will, from the Hoping of 
the point, be confirmed and increafcd in driving it deeper. 

Wfien Dr. &Ialx.ky was chofen Aftronomec Royal (Mr. 
Flamsteed’s mftruments being taken away by his executors), 
Mr. Graham vindertoo]^ to mjdce a new mural quadrant, about 
-Jjp* j f wW ut&og that appeared valuable m.jho 
di^rei\t methods of hif predeceffors, executed it.with' a degree 
of contrivance, accuracy,, andprecifion, before unknown *. and 
the divifion thereof he performed with his own hand. The 
pnodel of this quadrant, .for ftrength, eafy management, and 
Hijjgyeniencc, has been ever fince purfued as the moft petfeft. 

What 
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What I apprehend to be peculiar in it, was the application of 
the arch of 96*; not only as a check upon the arc of degrees 
and minutes, but as fuperior thereto, being derived from the 
more limplc principle of continual bifeftion. 

To make room for this, he has entirely rejected the fubdivifion 
by diagonals, and has adopted the method of the Vernier ; but the 
fubdivtiiou of the vernier divifions he, as I apprehend for the 
firll time, mcalured by the turns of the detached adjufting 
llrew, making it in fa-ft a micrometer, by which the diftance 
of the Jet of the infbrument was to be meafured from the 
perfed coincidence of one of the nftual divifions of the limb 
with the next ftroke of the vernier; by which means the oh- 
fervation could not only be read off with all the prccifion that 
the diviiion of the inftrument was capable of, but the two lets 
of divifions could be checked and compared with each other. 
Another thing that I apprehend to be peculiar in this inftru- 
ment, was the more certain method of transferring and cutting 
the divifions, from the original divided points, by -means of 
the beam-compafs, than could poflibly be done from a f ductal 
edge, as had doubtlefs been conftantly the pra&ice in cutting 
diagonals; for, placing the fteady point of the beam-compais 
in the tangent line to that part of the arc where each divifioit 
was to be cut, the opening of the compafs being nearly tin* 
length of the tangent, the other point would cut the divifion 
in the direction of the radius nearly; and though in reality an 
arch of a circle, yet the fmall part of it in ufe would be fo 
nearly a right line, as perfectly to anfwcr the fame end j all 
which advantages put together, it is probable, induced Mr. 
Graham to reje£ the diagonals. 

Soon after the completion of this quadrant,-Mri ^aham 
undertook to execute a %mthfAd</r for the Bradley, 

C a 
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which was fixed up at Wcuipad, in Etfex, in the year 1727. 
The very Ample conftrudlion that he adopted for this inftru* 
ment (the plumb line itfelf bring the index) did not admit of 
the ufe of a vernier: he therefore contented himfelf with 
dividing the arch of the limb of this iuftrument by primary 
points, as dole as he thought ntcoflluy, that is, by divillons 
of five minutes each, and mcafuring the diftance from the Jet 
of the iuftrument to the next point of divifion by a micrometer 
ferew, in the conftru&ion of which ferew he ufed uncommon 
care and delicacy. I have mentioned this iuftrument to intro¬ 
duce this obfervation; that I think it highly probable* had 
Mr. Graham conftrudted the great quadrant after the zenith 
fedtor had been fully tried, he would have rejected not only the 
diagonals but the verniers alfo, as containing a fource of error 
within themfelves which may be avoided by a well-made ferew*. 

It feems alfo, that Mr. Graham, at the time he con- 
ftru&ed both thefe inftruments, was not aware how much error 
could arife from the unequal expanfions of different metals by 
heat or cold : for in both the radius, or frame of the inftru- 
ment, was iron, while the limbs were of brafs. They, how¬ 
ever, remain in the Royal Obfervatory, perfedt models, in all 
other refpedts, of every thing that is likely to be attained in 
their refpe&ive deftinations, and monuments of the fuperla- 
tive abilities of that great mechanician Mr, Graham +. 

* Tbit has been found Confentijneous to the experience ef my friend Mr. 
AxraaRT, who, on my fuggeftion, has long fmee laid afidc the ufe of hi* vernier, 
meafurifig always by the micrometer ferews the diftance between the fet of the 
inflrument, and the coincidence of the firft firoke of the vernier with the next 
primary aivifion of the lifitb. , 

* 1*^1 have been informed, that Dr. MAsxatTirs ha* carded this obJerSion to the 

MMuabe re&ified, fiace its removal to the Royal Obfervatory, by fubftkvtfog 
an inftead of that of brafs, the points being made upon finds *f* gold. 

'W Mr. 
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Mr> Graham lived till the year 1751; and during his tirrc 
there were few inftruments of eonfequence conftruded with¬ 
out his advice and opinion. They were for many years done 
by Mr. Sisson, to whom doubtlofs Mr. Graham would fully 
communicate his method of divilion ; and from this fchool 
arofc that very eminent and accurate artift Mr. Bird, whofc 
delicate hand, joined with great care and affiduity, enabled 
him ftill further to promote this branch of divilion j and which 
being carried by him to a great pitch of per&dion, the Com- 
miffioners of Longitude did themfeives the credit, hy an hand- 
lame reward, to induce him to publifh to the world his parti¬ 
cular method of dividing agronomical inftruments; which 
being drawn up by hi mi elf, in the year 1767, this matter is 
fully let forth to the public: I lhali therefore only take this 
opportunity of obferving, that there feems to be one article in 
which Mr. Bird’s method maybe ft ill improved. 

I muft here obferve, that I apprehend no quadrant, that has 
ever undergone a fevere examination, has been found to form a 
perfect arch of 90"; nor is. it at all ncceflary it fhould : the per- 
fed equality of the divitions throughout the whole is the firft 
and primary coniideration ; as the proportion of error, when 
afeertained by proper obfervations, can be as e a lily and 
readily applied, when the whole error of the redangle is fifteen 
feconds, as when it is but five. 

In this view, from the radius taken, I would compete the 
chord of fixteen degrees only. If I had an excellent plain fcale, 
I would life it; becaufe I fhould exped the deviation from the 
right angle to be lefs than if taken from a foale of more moderate 
accuracy i but if not, the equality of the divifions would m fie 
affeded, though taken from any common diagonal fcafe* .This 
chord, fo prepared,' 1 would lay of five timet, indiccefon, from 
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the primary point of o given, which would complent eighty 
degrees; I would then bifed each of thofe arches of 16", n 
preferibed by Mr, Brno, and laying ofF one of them beyond 
the 8oth, would give the 88th degree; proceeding then by 
bifedion, till I came to an arch of two degrees, laying that off 
from the 88th degtee, would give the point of ninety degrees. 
Proceeding ftill by biledion, till I had reduced the degrees into 
quarters - fifteen minutes each, 1 would there flop; as from 
experience I know, that when divifions are overclofe, the afc- 
•curacy of them, even by bifedion, cannot be fo well attained as 
where they are moderately large. If a fpace of ^ of an inch, 
which is a quarter of a degree, upon an eight-feet radius, is 
thought too large an interval to draw the index over by the mi¬ 
crometer ferew, this may be Shortened by placing another line 
at the diftancc of one-third of a divifion on each fide of the index 
line, in which cafe tiic icrew will never have to move the index 
plate more than one-third of a divifion, or five minutes; and 
the perfed equality of thofe fide lines from the index line may 
be obtained, and adjufted to five minutes precifely, by putting 
each of the fide lines upon a little plate, capable of adjuftment 
to its true diftancc from the middle one, by an adjufthg 
ferew. ' 

The above hint is not confined to the chord of fixteen degrees, 
Which prohibits the fubdivifions going lower than fifteen mi*, 
nutes: for if it be required to have divifions equivalent to five 
minutes upon the limb itfelf; then I would compute the chord 
■of 2i* 20' only j and laying it off four times from the primary 
point, the laft would mark out the divifion 85° 20', pointed 
out by Mr. Bran; fufplying the remainder to a quadranr, from 
4 |l bife&ed divifions as they arife, and not by the application 0if 
$$$tympukd chords. 

* la 
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In my Introduction to M. Roemers Method of Divifion, I 
have fhcwn, that divifions laid off in fucccition, by the lame 
opening of the compafles, cither in a right line,, or in the arch, 
of a circle, being in its idea geometrically true, and hi itfelf the. 
moft funple of all proceflcs, it has the fairelt chance of being, 
mechanically and practically exadt, when cleared of the difturb- 
ing caules. The objection therefore to his method is, the great, 
number of repetitions, which depending upon each other in 
fucccflion (requiring no lefs than 540 to a quadrant, when fub- 
divided to ten minutes each), the fmalleft error in each, repeated 
540 times, without any thing to check it by the way, may arife 
to a very fenffble and large amount: but in the method I have 
hinted, this objection will not lie; for, in the ffrft cafe, the. 
affumed opening is laid off hut five times; and in the latter cafe 
but four times; nor does this repetition arife out of the nature of 
the thing; for, if youlike it better, you may, in the former cafe,, 
at once compute the chord of 64°» and in the latter that o(' 
85° ao\ and then proceed wholly by bifeaion i fupplyingwhat 
is wanted to make up the quadrant, from the bifedted divifions, 
as they arife. Mr. Bird preferibes this method himfdf, for the 
divifion of Hadley’s fextants and odiants., 

He, I fuppofc, was the firft, who conceived the idea of laying, 
off chords of arches, whofe lubdivifions fhould be come at by 
continual bifedliou; but why he mixed therewith divifionsthae 
were derived from, a different origin (as preferibed in his-method' 
of dividing) I do not cafily conceive, lie fays, thatafter he had 
proceeded by the bifedlipns,, from the arc of 85° 20', the feveral 
points of 30% 6.o e , 75°, and (all of which were laid down* 
from, the principle of the chord of 6o° being equal to radius)*’ 
fell in without Jtnfbk inequality; and fo indeed they might ,t but 
yet k does, Apt follow tiWthcy were equally true in th*k places 
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as if they had been (like the reft) laid down from the bilc&ion 
from 85° %o\ and therefore being the firft made, whatever error 
was in them, would be communicated to all connected with 
them, or taking their departure from them. Kvcty heteroge¬ 
neous mixture flhould be avoided where ccjual divilions art in¬ 
quired. It is not the fame thing (as every good artift will lev) 
whether you twice take a meafure from a fealo as nearly the fame 
as you can, and lay them off fcparatcly; or lay off two openings 
of the compafles, infucceffion, unaltered; for though the fame 
opening, carefully taken off from the fame fcalc a fecond time, 
will doubtlefs fall into the points made by the firft, without 
fenfible error; yet as the Hoping fidcs of the conical cavities made 
by the firft point will conduit the points themfelves to the cen¬ 
ter, there may be an error which, though infallible to the fight, 
would have been avoided by the morefmpk procefs of laying off 
the opening twice, without ever altering the compafles. 

The 96 arc was, I have no doubt, invented by Mr. Gra¬ 
ham, from having perceived, in common with all preceding 
artifts, how very much more eafy a given line was to bifedfc, than 
to trifeft, or quinquefedt; and therefore the 96 arc which pro¬ 
ceeded by bife&ions only (or by laying off the fame identical 
openings, which, as already fliewn, is ftill more fimplc and 
unexceptionable) was wholly intended by him by way of 
checking the dlvifion of the arc of 90, which required infec¬ 
tions and quinquefedtions. But experience foon fliewed the 
fupetior advantage of it fo ftrongly, that the ufe of the 90 arc 
is now wholly fet afide, where accuracy Is required; whereas 
the ingenuity of Mr. Bird having fhewn a way to produce the 
9<s arc by blfe&ion, when this is really purfued quite through 
the piece, by reeding all divifions derived from any other 
o^^-the 90 arc will have nothing in it to prevent itt being 
* * equally 
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equally unexceptionable with the 96 arc; and confequcntly if, 
inftead of the 96 arc, another arc of 90 was laid, down (which 
being upon a different radius, its divilions will {land totally un¬ 
connected with the former), then thofe two arcs would in reality 
bo a check upon each other; for being of equal validity, the mean 
might be taken : and if (in lieu of vernier divilions) ftrokes at 
the diftance of any odd number, as 7, 9, 1 r, or 13, are mulccd 
upon, and carried along with, the index plate ; thefe will pro¬ 
duce a chock upon neighbouring divilions; and the angle may 
then be deduced from the medium of no leis than four 
readings. 

The laft works that have been made known to the public in 
the line of graduation (i'o far as has come to my knowledge) are 
thole of the very ingenious Mr. Ramshkn, which were pub- 
liftied, by order of the Board of Longitude, in the year 1777. 

From his own information, 1 learn, that in the year ty 6 o 
he turned his thoughts towards making an engine for dividing 
mathematical inftruments ; and this he did in confcquence of a 
reward offered by the Board of Longitude to Mr. Bird, for 
publiftiing his method of graduating quadrants; for as, foverai 
years previous to that period, ho had taken great pains to ac- 
Complilh himfelf in the art of hand-dividing, in which liile 
Mr. Bird had acquired his eminence, he conceived hy this pub¬ 
lication of Mr. Bird’s he Ihould be reduced to the fame ftandard 
of performance with rhe reft of the trade. He, therefore, partly 
to fave time, and that kind of wearinefs to an ingenious mind' 
that ever muff attend the endlefs repetition of the Tame thing* 
from morning to night; partly ftill to preferve the preeminence 
he had then gained; and partly to procure difpatch in the 
incrcafeof demand for Hadley’s fextantsand o&lliM, ifctfefcfe* 
quehce of‘the fuccefsfui application of the the 

‘Vol. LXXVI. D purpoi® 
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purpofe of afcertainiug the longitude at fca (which infti undent* 
for this purpofe required a degree of accuracy and certainty in the 
divifion, by no means ncceflary thereto when applied to the fimple 
purpofe of obferving latitudes); I lay, for till ic conlidci ations, Mr. 
Ramsdkn determined to let about fotnethingin the inftrutnontai 
way, that thou Id be fufficient effect u ally to anfwer tilde pui poles. 

Accordingly, confidermg the nature ot the endlefs ferew, ho 
ft hiirlelf to work upon an engine whole divided wheel or plate 
was of thirty inches diameter; and though the performance of 
this In ft eflliy was inferior to his expectations and wifhes, yet 
with it he was able to divide theodolites with a degree of prect- 
fion far fuperior to any thing of the kind that had been exhibited 
to the public. 

This engine I myfelf faw in the tyring of the year 1768 ; and 
it appeared to me not only a very laudable attempt towards in- 
aftrumcnt.il divilions, but a very good model for the conftrudion 
of an engine of the moft accurate kind for that purpofe. And 
he furthermore, at the fame time, fhevved me the model or 
pattern for calling a wheel of a much larger fixe, which he pro- 
polcd to make upon the fame plan, and with cunliderable im¬ 
provements. This being effected lomc time in or about the year 
1774, its accuracy was proved by making a fextant, afterwards 
lubjeded to die examination of Mr. Bikb ; who in conlcquence 
approved the method, not only as fully fufficient for the divi- 
iion of Hajmjsy's If’Xtants and odants for any purpofe whatffo- 
«tver, but. ip .fad for dividing any inftrument whofc radius did 
not exceed that of the dividing wheel, which was forty-five 
inches in diameter *. whereupon the Board of Longitude, over 
ready to encourage all endeavours that tend to the certainty and 
perfection of any thing fubfervient to the purpofe of finding the 
longitude at fea, very properly and ufefully refalved to cottier 

an 
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an handfome reward on Mr. Ramtden, for delivering a full 
explanation of his method of making the laid engine; jvhich, 
in confcqucnce, was publilhed by order of the Board of Longi¬ 
tude in the year already mentioned, viz. 17771 the detigus 
whereof are lb full and explicit, that whoever could not under¬ 
hand that dofeription, lb as to enable him to make it, would be 
tmfit to undertake it on other accounts. 

From what I have faid upon the works of the different artiffs 
that l have mentioned, it would feem that the art of graduation 
was brought to that degree of perfeftion, that nothing material 
can now be added thereto : and I fhould have been apt to have 
thought fo myfelf, if I had not happened, in the courfe of my 
life, to have had a communication made tp me (under the fcal of 
fecrecy) which feems to promife yet further light and afliftanc* 
in perfe&ing that important art; and every impediment to the 
difeovery thereof being now removed, X jfhall in the remainder 
of this efiay give the cleared: defeription thereof that I am able, 
with fuch elucidations and improvements as feem to be naturally 
pointed out by the method itfolf. 

In the autumn of the year 1741, I was firft introduced to the 
acquaintance of that then eminent artift, McHenry Hindley, 
of York, clockmakct i—he immediately entered with me mto the 
greateft freedom of communication, which founded a friendlhip 
that lafted to his death, which did not happen till the year 1771, 
at the age of 70. On the firft interview, he (hewed me not 
only his general fet of tools, but his engine, at that time fur- 
nilhed with a dividing plate, with a great variety of numbers for 
cutting the teeth of clock wheels, &c. and alfo, for more nice 
and curious purpofes, furnifhed with a wheel of about thirteen 
inches diameter, very ftout and ftrong, and cut into 360 teeth; 
to which was applied an eadlefs ferew, adapted thereto.' The 

P 2 threads 
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threads of this fcrew were not formed upon a cylindric fur- 
face, but upon a iolid whole fides were teiminated by ;u dies 
of circles. The whole length contained fifteen threads; and 
as every thread (on the lido next the wheel) pointed towards 
the center thereof, the whole fifteen were in contact together; 
and had been fo ground with the wheel, that, to my great 
aftonifhment, I found the fcrew would turn round with the 
utmoft freedom, interlocked with the teeth of the wheel, and 
would draw the wheel round without any lhake or flicking, or 
the leaft fenfation of inequality. 

How long this engine might have been made before this firft 
interview, I cannot now exa&ly afeertain : 1 believe not more 
than about a couple of years; but this I well remember, that he 
then {hewed me an inftrument intended for aftronomical pur- 
pofes, which mufl have been produced from the engine, and 
which of itfelf mufl have taken fome time in making 

I in 

. * This inftrument was of the equatorial kind; the wheel parallel to the 
equator, the quadrant of latitude, and femi-cirele of declination, being all 
furniflied with ferews containing fifteen threads each, framed and moved in the 
fame manner as that of the engine; the whole of which inftrument was already 
framed, and the telefcope tube in its place, which was intended to be of the 
inverting refraining bind, and to be furnifluid with a micrometir. TW», however, 
was not completed till fome years ufter; but, in the year 1748, I received it in 
London for fale. It ftaid with me two years, in which time l (hewed it to all my 
mechanical and philofophicul friends, amongft whom was Mr. Short, who after¬ 
wards pdbUflwd indiePhtlofophical Tnmfsdtion*, vol. XLVl, N° 453. p, 241. an 
Account Of a pattabk OWhrratory, but without claiming any particular merit 
from the contrivance, Hhweror, the model Of it differ* from HxHnutv’s equatorial 
o^oly in the following articles, -He added an azimuth circle and compafs at the 
bottom. He omitted the endlefa fprews, placing vernier* in their ftead; and at 
the top, a rcfle&ing teldfcope inftead 6f a reftradtor. Thi# inftrument of HtMfe* 
afterward* returned to him unfold, I pointed out the principal deftolen- 
cijs' 4 liat ,1, found therein.; rid. that, in putting the inftruaoent into difiSwroBt pofi- 



Graduation of Agronomical Injlruments. 21 

1 in. reality thought myfelf much indebted to Mr. Hindley 
for this communication ; but though he fhewed me las engine, 
and told me, that the ferew was cut by the rotation of the 
point of a tool, carried round upon a ftrotig arm, at the dif- > 
tance of the radius of the wheel from the center of motion, 
which arm was carried forward by the wheel itfclf, and the 
wheel was put forward by an eudlefs ferew, formed upon a 
cylinder to a proper fize of thread, cut by his chock lathe j 
though he fhewed me alfo this chock lathe, and the method 
employed to make the threads of the ferew equiangular with 
the axis, that is, to free the ferew from what workmen term 
drunkennefs ; and alfo fhewed me how, by the fmgle ferew of 
his lathe, he could cut, by means of wheel-work, ferews of 
every ncceflary degree of finenefs * (and, by taking out a 
wheel, could cut a left-handed ferew of the very fame degree 
oif finenefs); by which means he was enabled not only to adapt 
hjb plain ferew to the fixe of the teeth of his wheel, but alfo to 
prevent any drunkennefs that otherwife the curved ferew would 
be fubjeft to in confcquence of being produced from tho plain 

tiom, the fpringing of the materials was fuch as in fome petitions to amount to 
contiderable errors. This renmined with him in the fame A«o till the year of the 
fisft Trattft of Km j, via. 176* j when it was fold- to —— Constable, Ki'q. of 
JSurm Confta&if, in mdttnfu Mr. ttiNnutv, to remedy the evil above-man- 
tioned, applied btdnnce* to the different movements, llo foon afterwards com¬ 
pleted one, de »ovo, upon this improved plan, for hi* Grace the late Duke of 
Noartn.** A method of balancing in much the fame way, without the know¬ 
ledge that it had been done befoee, h« been fully explained, and laid before 
the Society, by our ingenious and worthy brother Mr. Naibhe, Plul. Tranfl 
vol. LZU p. 1 ©8. 

* A machine for cutting the endlefs ferew of Mr. TUmbdfk’s engine, upon 
principles e**»!y Omilar, is fully and accurately fet forth ia fair Deforce W# 
dividing Engine above-mentioned. 


one; 
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one; furthermore, that the fcrew and wheel, being ground 
together as an optic glafs to its tool, produced that degree of 
fmoothnefs in its motion that I observed ; and, laftly, that 
.the wheel was cut from the dividing plate: yet, how the 
dividing plate was produced, he for particular rcaibus referved 
to himlclf. 

Nor can he be blamed for the refurvation of this one fecrct; 
as he had, even at the time of my early acquaintance with 
him, a kind of forefi^ht that from the fuperior merit of Had¬ 
ley’s quadrant, a demand for that, and other iiiflrumcnts for 
the purpofc of navigation, was likely to increafe; and that he 
might live to fee a public reward offered for a method of di¬ 
viding them with greater accuracy and difpatch than had at 
that time appeared. Indeed, he had himielf an idea, from the 
lkisfa&ory iuccefs that had attended his operations in dividing, 
that a fcrew and wheel, produced from his engines of one 
foot diameter, would have as much truth as the eight-feet qua¬ 
drant at Greenwich: and though he doubtlefs greatly over¬ 
rated the accuracy of thefe miniature performances, yet it does 
not follow, as his methods were not confined to fo narrow a 
compafs, but that, his fcale of operation being proportionably 
enlarged, a degree of accuracy in the graduation of agrono¬ 
mical mftruments may be attained in proportion, 

1 mu ft here beg leave to obferve, that there appears to me to 
be a natural limitation to tlie accuracy of inffruments, con- 
lifting of confiderable portions of a circle, fuch as quadrants, 
&c. *. I do not find that the fineft ftroke upon the limb of a 
quadrant, made by Bird’s own hand, if removed from its 

• The zenith leftor conllft*- but of ftw degree*, with little variation of Us 
jSo&tion inulingit, 

a coincident* 
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coincidence with its index, can be replaced with any degree of 
•ertainty nearer than the 4ooodth part of an inch, though 
aided by a magnifying glafs *. 

A 40oodrh part of an inch being then determined to be the 
minimum t'iftbile by the ftrokes of an inftrament, this will be 
left than one fccond of a degree upon a radius of four feet ;• 
and therefore, if the whole fet of divifions upon the limb could, 
be preferved true to this aliquot part of an inch, the eight-feet 
quadrants of Greenwich might be expe&ed to be true to half 
a fccond. How far they are from this, I do not exa&ly know; 
but I have reafon to think they vary from it fome feconds: 
tray, I believe it is generally allowed, that our largeft qua¬ 
drants, even when executed by the accurate hand of Mr. Bird., 
do not exceed thole of a lefs lize, by the fame hand, m pro¬ 
portion to their increale of radius: nor can it well be expe&ed 
that they Ihoulcl; fmee, as the weight necefiarily increafes in 
0 triplicate ratio of the radius, the great weight of the Green¬ 
wich quadrants in moving and fixing them (as they could not 
be divided in their place) may eafily derange the framing j or 
even the internal elajiicity of the materials may give way, by a 
change of pofition, to fo minute a quantity as a 400odth part 
of an inch. It therefore appears to me, that fince the divifions 
of a quadrant of four-feet radius are more than fufficient, and 
even thofc of three feet admit of all the diftindtnefs that in 
other rcfpc&s is wanted, a threc-feet quadrant, in point of 

* It will be to little purpefe to attempt it with a greater power. Double 
microscope* can doubtleft be formed to magnify obje&s, far left than a 40QOdth 
part of an Inch, to diftinft Airfares; but then the advantage of fuch degree* of 
magnifying power 1 * chiefly upon the organized bodie* Of nature. Let a dbt, or 
the fineft point that can be made by human art, be fo viewed, and it wilt appear 
m round, J>ui a very ragged irregular figure. 
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{ue, is capable of all attainable exadnefs; and would be as 
much to be depended on as any of thofe now in being of eight 
feet. By adopting quadrants of this fmaller fixe, we fhall of 
courfe get rid of j^ths of the prcfcnt weight; and confequcntly 
of much cumber, unhandincfs, and derangement, that mull a rife 
from that weight, as well as the fear of totally dilcompoling 
them, if ever moved out of their place. 

It now r comes to be time to open a principle upon which there 
is a profped of effecting fuch an improvement. 1 have Ihewn 
that a 4000th part of ‘an incli is the ultimatum that we are to 
expedfiom fight, though aided by glafles, when observing the 
divifions of an inftrument. But in the XLVlIIth, volume of 
the Philofbphical Tranfadions for the year 1754, I have {hewn! 
the mechanifmof a new pyrometer, and experiments made there*' 
with j whereby.it appears, that, upon-the principle of contaSi, a 
24,000th part of an .inch is a very definite quantity. I remem J 
bered very well that t did pot then go to the extent of what I 
might have aflerted, being willing to keep within the bounds 
of credibility: but on occalion of the prclent fubjed* I have re¬ 
examined this iaftrument, and find myfelf very well authorifed' 
to fay, .that a 6a,oooth part of an inch, with fuch an inftfu-' 
ment, is a more definite and certain quantity than a 4000th 
part of an inch is to the fight, conditioned as above fpccifted* 
The.certainty of contad .is, therefore, fifteen times greater than 
that of vifion, when applied to the divifions of an iaftrument; 
and if this principle of certainty in contad did not take place 
even much Jfeyond the limit I have no<v aftigned, we never, 
Ihould have feen thofe exqpifite mirrors for refieding telefcopes, 
that have already been produced. 

Thcfe refte&idns apply immediately to my prefent fubjed, as 
Hijujley’s method of divifion proceeds •wholly by coniadt, arlct 

'* * 2 that 
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that of the firmed: kind; there being fcarcely need of magnify¬ 
ing glaffes in any part of the operation. 

In the year 1748 I came to fettle in London ; and the fir ft 
employment I met with was that of making philofophical in* 
firuments and apparatus. Inthis fituation, my friend Hind ley, 
from a principle the reverfe of jealoufy, fully communicated to 
me, by letter, his method of divifion; and though I was enjoined 
fecrecy refpedting others (for the rcafons already mentioned), 
yet the communication was exprefsly made with an intention, 
that 1 might apply it to my own purpofes. 

The following are extra&s from two letters, which contain 
the whole of what related to this fubjedt; and lince I have many 
things to obferve thereon, fo that the paraphrafe would be much 
greater than the text, I think it bell not to interrupt the deferip- 
tion with any commentary, as perhaps his own mode of ex* 
preffion will more briefly and happily convey the general idea 
Of the work than any I can ufe inftead of it, 

My dear Friend, York, 14 Nov* 174B, 

AS to what you was mentioning about my brother’s knowing 
how I divided my engine plate, I will deferibe it as well as I 
can myfelf; but you will want a good many things to go 
through with it 

The manner is this; firft chufe the larged number yob want, 
and'then chufe a long plate of thin brafs 5 mine was about one 
itch in breadth, and tight feet in length, which I bept like m 
hoop for an hogfhead, and foldercd the ends together j and 
tuflaodi it of equal thickuefs, upon a block of fmapth*giadhed 
wood, mpott my great lathe in the air (that is, upoa the end of 
the mandrel): .one fide of the hoop muft be rather wider than 
Vol. LXXVL fi the 
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the other, that it may fit the better to the block, which will be 
a fhort piece of a cone of a large diameter : when the hoop was 
turned, I took it off, cut, and opened it ftraight again. 

The next ftep was to have a piece of ftcel 
bended into the form as per margin * ; which had 
two fmall holes bored in it, of equal bignds, one 
to receive a fmall pin, and the other a drill of 
equal fize. I ground the holes after they were 
hardened, to make them round and fmooth. The 
chaps formed by this ftcel plate were as near to¬ 
gether as juft to let the long plate through. Be¬ 
ing open at one end, the chaps fo formed would 
fpring a little, and would prefe the long plate 
clofe, by fetting in the vife. Then Iput the long 
plate to a right angle to the length of the fteel chaps, And bored 
one hole through the long plate, into which I put theTpaaU 
pin ; then bored through the other hole ; and by moving the 
fteel chaps a hole forward, and putting in the pin in the laft 
hole, I proceeded till I had divided the whole length of the 
plate. 

The next thing was to make this into a circle again. After the 
plate was cut off at the end of the intended number, I then 
proceeded to join the ends, which I did thu s; 1 bored two nar¬ 
row fhort brafs plates -}* as I did the long one, and put one on 
thaiafide, and the other on the outfide of the hoop, whofe ends 
were brought together; and put two or three turned ferew 
pins, With flat heads and nuts to them, into each end, which 
held them together till I rivetted two little plates, one on each 
fide'of the narrow plate, on the outfide of the hoop. Then X 
took out the ferews, and turned ray block down, tUl the hoop 

* * figure is confiderably lefs than the real tool flionld be. 

< t The& l flwll hereafter diftinguifh by the name of 

4 
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would fit clofe on; and by that means my light line was made 
into an equal divided circle of what number I pleafed. 

The engine plate was fixed on the face of the block, with a 
fteel hole fixed before it, to bore through; and I had a point that 
would fall into the holes of the divided hoop; fo by cutting 
(horter, and turning the block lefs, I got all the numbers on 
my plate. 

I need not tell you, that you get as many prime numbers as 
you plcafe} nor that the diftancc of the holes in the fteel chaps 
muft be proportioned to the length of the hoop. 

You may afk my brother what he knows about my method 
of dividing; but need not tell him what I have faid about it; 
for I think neither he nor John Smith know fo much as l have 
told you , though I believe they got fome knowledge of it in ge¬ 
neral terms *.-1 defire you to keep the method of dividing 

to yourfelf and conclude with my beft wiflies, 

and am, dear Sir, yours, &c. 

Hen. Hindley. 

Though the above letter was in itfelf very clear and explicit, 
&$ to the general traces of the method, yet fome doubts occurring 
to me, a further explanation became neccftary. A copy of my 
letter not being preferved, the purport of it may be inferred from 
the anfwer, which was as follows: 

* The perfons here referred to were both bred with him. His brother, Mr. 
Roger Hindlrt, who has many years followed the ingenious profeffion of a watch- 
c»p«maker In London, was fo much younger as to be an apprentice to him. Mr. 
John Smith, now dead, had fome years paft the honour to work in the infiriitnent 
way, under the direffion of the late Dr. Demainbray, for his preftntMAjsstY. 

Ea 
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dear friend, York, 1 3 March, 1748-^. 

I THINK in your laft you fecm to be apprehenfive of fbme 
difficulties in drilling the hoop for dividing. I* irft, that the 
center of the hole in the hoop might not be precifdy in the: center 
of the hole of the tteel chaps, it was drilled in; but if I deferibed 
fully to you the method I ufed, I can l'cc no danger of error 
there : for my chaps were very thick, and the two correfpond- 
ing holes were a little conical, and ground with a fteel pin; 
firft one pair, and then the other, alternately, till the pin would 
go the fame depth into each. Then for drilling the hoop, I 
took any common drill that would pafs through, and bore the 
hole. After that I took a five-fided broach, which opened the 
hole in the brafs betwixt the fleet chaps, but would not touch 
the fleel; fo confequently the center of the holes in the brafs 
muft be concentric with the holes in the chaps : and for altera¬ 
tions by air, heat, cold, &c. I was not above two or three hours 
in drilling a row of holes, as far X remember. 

3 dly, For drilling, in a right line, I had a thin brafs plate, 
fattened between the fte'el chaps, for the edge of the hoop to 
bear againft, whilft I thraft it forward from hole to hole. 
What you propofe of an iron frame with a lead outfide, will be 
better than my wooden block; but confidering the little time 
that paft, betwixt transferring the divisions of the hoop to the 
divifkms of my dividing plate, I did not fuffer much that way. 
It vm when I drilled the holes in my dividing plate tint I ufed 
a frame for drilling, which had one part of it that had a fleel 
hole, that in lying upon the plane of the dividing plate was 
fixed fall in its place for the point of the drill to pafs through: 
then, at the length of the drill, there was another piece of 
u 3 fteel. 
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fteel, with a hole in it, to receive the other end of the drill to 
keep it at right-angles to the plane of the plate. This piece 
was a fpring, which bended at the end, where it was fattened 
to the frame of the lathe, at about eighteen inches from,the uid 
of the drill; fo itpufhed the drill through with any given force 
the drill would bear: and though that end of the drill moved 
in the arch of a circle, it was a very frnall part of it, being no 
more than equal to the thickncis of the dividing plate. 

My good wifhes conclude me yours, 

Heist. Hindley* 

Whoever attentively confiders the communication contained 
in the above letters will fee, that more happy expedients could 
not have been deviled to procure a fet of divifions, where there 
fhould be the raoft exadt equality among neighbours ; and 
which, for the purpofea of clock-making, is the principal thing 
to be wiflied for* But herein, as in M. Roemer’s method, there 
were no means of checking the diftant divifions, which run on 
to 360: now fuch a check, when the expanfion of metals is cm- 
fidered, and particularly the difference of expanfion between 
brafs and fteel, feems abfolutely neceflary for the purpofe 6f 
^iip&WS’Wpon inftruments, where the accurate meijfuratioo of 
lalrgsi angles is required, as much as the equality of neigh¬ 
bouring 

t With'this View the invention of this ingenious perfon fug- 
gefied to him/the thought of making his curved fefew to lay 

tn^enlolitdifr? &tx*aunV * (fotae ft&ti # workman of ftimtvrt) bo/ 
that! tke,dSfflS-#£» Sot eapiafioa Wttwea the fteel chaps and *«,&$*•* 
hoopiM# he avoided by makhJjBjbwf«talfe,] wi$h hard fte*ibpfe#$*> 
leparateljr flfftia, femewhat flmUar to the jewelled bole* of Wattkfc, ' * 

M % % * / »hold 
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hold of fifteen teeth or degrees together I this, in efiedt, becomes 
a pair of compares, 24 removes of which complete the whole 
circle, and produce 24 checks in the circumference: and whoever 
confidcrs the very exquiftte degree *of truth that icfults from 
the grinding of fur&ccs in con t aft, as already noticed, muft 
exped a very great degree of rc&ification of whatever errors 
might fnbfift in the wheel after its firft cutting. 

What degree of truth it might in reality be capable of upon 
its firft produaion and adjuftment, is not now to be afeertamed, 
he never having ufed it for the graduation of any capital inftru- 
ment. Thofe that he made with a view to an accurate mcafure 
of angles, he always made with a ferew and wheel, or parts of 
circles cut by his engine into teeth, and ground together as 
before-mentioned; but I have reafon to think, that its per¬ 
formance, if put to a ftrid teft, was never capable of that 
accuracy that he himfeif fuppofed it to have. 

The method itfelf, however, from its fimplicity, and eaf® 
of execution, feems to me to be a foundation for every thing 
that can be expe&ed in truth of graduation} and in confe- 
quence lor reducing inftruments to the leafl: fixe that Is ca¬ 
pable of bringing out all that can be expe&ed from thelargeft s 
when It ftiatl, like manual divifbn, have received thofe advan¬ 


tage that the joint labours of' the mofl: ingenious men can 
hefto* upon tat That I may m* appear to be without ground* 
Ibr my expectations, I will beg leave to propofe, whst near 
years oem&mal ’ coatempktioa has fuggefted to me on 
tftt'fbbjeft} nidaal can.defcribe the pmoefe I would purfno* 
tj?hero djt#6r«n?t from* Hindlsy’s, in fewer words than I could 
make out a regular oriticifm upon his tatters, 1 Will *mm«H 
Stately proceed to the defetiptfon of it. * * • 

# ' 
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Proofed Improvements of Hindley’s Method, 


I would recommend the number of parts into which the 
circle is to be reduced to be 1 440 ; that is 4 times 360 ; ^ which 
divifions will therefore be quarteis of a degrees the diftanccs 
of the holes in the chaps will therefore, to a three-feet radius, 
be ' * 7 - of an inch neatly ; that is, between the onc-fixth and 
one-feventh of an inch difknee center and center. 

Having provided myfelf with a flout mandrel, or arbor, for 
a chock Lathe , properly framed, that would turn a circle of fix 
feet diameter, I would prepare a chock, or platform, for the 
end of it, of that diameter, or a little more, compofed of 
clean-grained mahogany plank, all cut out of the fame log; 
which, when finifhed, to be about ii inch thick, and 
formed in fc&ors of circles, fuppofe 16 to make the circle; 
the middle line of each fe&or lying in the dire&ion of the 
grain of the wood, this will confequently every where point 
outward* the method of framing this kind of work is well 


known. 

The way of getting a flip of brafs to anfwor the circura- 
fetence of this platform is fuggefted in Mr. Bird’s Account of 
oewfawaing Mural Quadrants. Let a parallelogram of brtf# 
of about, three feet long, and of a competent fubftaace (%* 
ppf e half an jo$h) to make it when finiihsd -about 
tfch 0 f an loch ht thtekaefs, be caffe of the fineft brefr* 
to-be dpwu toll it becomes of fuffi<d«nt 
hoop, on^fifth p*rt,eJore. I 

, the oaf 

whole beisg ^Jhjdtne&j 
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get fuch a long ftrip of brafs reduced to an equal breadth, than 
the method preferred by Hindlky ; vi/.. by turning it upon 
the chock prepared; but J would not make it wider on one 
fide than the other, like the hoop of a calk, as he deferibes, 
but exactly to fit the chock, when truly cylindric; for the 
internal olafticity of the brafs, in f<> great a length, will be 
vciy fufficient for fitting it on tight enough, without any taper- 
ing. This I will now luppofe done; and a pair of fteel chaps, 
as ddciibcd by Hindlky, to be alfo prepared, and ready for 
grinding; which, by fuch a careful admeafurement as can 
cafily be made, will give the length of the hoop fufficiently 
near, on its firft preparation. 


Method of forming a Pair of Straps Us a check % the Dkifons . 

The part firft cut off muft be again cut into twto equal parts 
in length; which, for diftindfcidn fake, I will call the ft raps ; 
and which are to ferve as checks' to every both and every 

120th divifion of the circle. 

$#te*’ef about half an inch in breadth, the fame 
as the ftraps, and in length equal to the breadth of 
iti# plat#* * muft be foldered with filver folder to one 
each of the ftraps, by which means their letiph 
half an inch by the fteel. An hole muft then fete 


•■S# %**&' d»» ‘Hup# *»’ pat on, 
Mil &U through' 
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be •wrought to a right line in contiguity to each other; by this 
means the flraight edge of each of the A raps will he reduced 
to the fame difinnee fiom the Aeclhole: the hard Aeel edges 
may be rc&ified by the grindAone, if neceflary. 

This being done, not only the holes in the chaps, but the 
holes in the two fled plates, applied to eacholhu, like the 
two fidcs of the chaps, muft bo relpc&ively ground together ; 
not with a taper pin, as prdciibcd by Hindi ltv ; but lb as not 
only to be cylindrical, but that the fame cylindrical pin Audi 
equally fit them all, and leave them llnooth and polifhed; 
which is a proctfs no ways difficult to a curious artifl, and of 
which therefore a minute defeription is unneceffary. 

The chaps being then put upon one of the flrapa, with its 
ftraight edge uppermoft, and a pin put through the holes on 
the left-hand, and through the Acel hole in the Arap under 
operation, the chaps muft be fet uptight, fo that the line join¬ 
ing the centers of the holes Audi be parallel to the upper edge 
of the Arap; thebrafs plate, mentioned by Hin dlf.it, between 
the chaps, as a guide for direding them always to that upright 
pofition, may be then adjufted and fixed to the iniide of the 
chap next the operator *. 

The performance of theenfuing part of this work fhould be 
at a feafon when the temper of the air is not very variably; 
^rather above the mean temper (fuppofc at 6o n ) than below it,* 

t 

* It,would be weft, previous to the drilling of the Heel chops, ^lui ywthet 
hole was drilled in the chaps, ‘that Should be fpunewhat above the upper edge 
th* ftrops, and in the middle betwixt fide and fide, to receive a fratyfiM $>. 
aateweiftnt to drilling the main holes; for then a tempered fteel pin, >a little , 
will, bj* drivjing k in as fay as ofteflhry, conOantly anfwer’thU pufpofjj 
to Iaft, fo m to regulate the holesfm #rindtq$ 19 be truly oppofit^qj»$j^$«« 
ftould alfo be drilled for fixing the brafs guide plate to one of <be«fc*f*. 

vol, lxxvi. r ' but 
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but above all things the artift fhould be himfelf cool > that 
is, not in a ftate of fenfible perfpiration ; and there fhould be a 
free circulation of air in the room. Things being thus condi¬ 
tioned in refpeffc to temperature, he may begin to drill 
the holes in one of the limps; the pin being firft put 
through the chaps and through the Heel hole of the ftrap; and 
the next hole, being drilled through the brafs with a common 
drill, that and every hole as it goes is to be finilhed with a taper 
broach, as preferibedby Hindley ; and he may then prove or 
finilh every hole by the application of a thorough broach, 
made lo full as to require a degree of preflure to force it 
through $ and this broach being a little tempered, and the 
holes quite hard, there will be no fear of injuring the Heel 
holes *. 

Calling the hole in the Heel plates o, and obferving the 
time of beginning, you may proceed to drill 60 holes as pre- 
feribed by Hindley ; and noting how long you have been 
about it, you may lay the work afide a length of time, equal 
to the time you took in drilling; that any addition of warmth 
it may have acquired in handling or working may be again 
loft in a great degree +. After this paufe you may begin again, 
and go on to finilh 60 holes more} that is, to the length of 

* The flee! hotel in the chap* need not to be above one-twentieth of an Inch In 
dtytneter ; and though It may be proper to mike the fteel plate, of which they 
^formed, one-tenth of an inch thick, in order to give the fpring formed 
them a convenient degree of ftiflfnefr, yet they may be reduced (by chara. 
forfog ft* ootfide*) to half that thicknefs. 

f At tb** ia not much oecafioh for the artift to touch hi* work, the effefie 
of that may alfo be veay wuci* avoided by wearing thick glove*; and the fridtion 
jfomg but flight, and the work almoft continually in the vife, the variation Of' 
'tfjjfapxtnixc in the metal* concerned cannot be fenfible of confidmblc, 

6 m 
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120 holes from the beginning} you then proceed in thc>fame 
manner with the other (trap. 


Method of drilling the Hoop* 

You are now prepared to commence the work upon thus 
long or hoop-plate ; and you proceed therewith, in forming the 
firft hole with the chaps, as before directed by Hindu ey, and 
this firft hole you call o. You then place the ftraps one on 
each fide the hoop, with their gaged edges upward, and put 
the pin through the holes denominated 60 upon the ftraps, 
and through the firft hole already made, and denominated d 
upon the hoop; then, bringing the gaged edges of the fleet 
plates to be even with the upper or working fide of the hoop* 
you pinch them together in the vife, and drill and broach the 
hole through the fteel plates, which will make the hole, num¬ 
ber 60, Hipon the hoop. This done, you put the pin through 
the left-hand hole of the chaps, and the hole marked o upon 
the hoop-plate firft made, and proceed to drill with the chaps 
to 59 holes inclufive, which will fill up the whole fpace from 
o to the 6oth divifion before obtained* 

You now again have recourfc to the ftraps, and placing them 
one on each fide the hoop-plate, you put the pin through the 
xaoth hole of the ftraps, and through the hole marked o 
upon the hoop-plates and regulating the fteel plates to the 
hoop-plate as before, you drill and form a hole wjth the fteejt, 
plafes, which will eorrefpond with the t2oth hole upon th#, 
hoop«plate j and afterwards filling up the 59 holes wat^@j>, 
by mean* of the chaps, you then have aU completed 
noth dmfieto, which is one-twelfth of the who}? ■ • 

t a Yon 



■j6 A/r. Smdaton’s Obferotiiio is m the 

Yon then pioucd, in like maimer, with another flt of 120 
holes; that is plating the 60th hole of tlu 11 rap-, to the tuoth 
hole of tlu hoop-plate, ami tiomil producing the jHuth hoh ; 
\ou, m like maumr as be foie, fill up this 60 with tin chap,; 
and attet wards plating the 1 oth holt on the (Imp. in the 
1 20th hole oil the hoop-plate, \ou will obtain tlu s^oth iiuh • 
fa that filling up this lall let of 60 dubious, you hum t h- 
tainetl 24.1 holts, including 2po fpaccs or divdions of t'n 
hoop; and repeating this pioccUten tinus more, you will, in 
hke manner, obtain 14+1 holes, compieiunding 1440 fpacts 
And this procels being carried on in tempo ate weather, the 
mauita* of woikmg produces twelve fimilur operations, wherein 
thd rbntreriah and tools concerned will not only bo fubjeft to 
vt&f little change of temperature, but that change-, what¬ 
ever it is, will be neaily fimilur in each let of izo holts* 
we may therefore infer, that the gieateft inequality, or 
indeed any that can be fenfible, muft be at every 60 c^vifions, 
that is, httween tin 51,th and 60th, and between the Uyth 
and 120th, both which will he equally repeated 12 tinus, in the 
whole length which is to compote the unm>f\ me of a Cirri\ 
nlW which will thus he checked thereby 12 times in the cir¬ 
cumference, and 12 times more at the intcimediate tlittancrw; 
that is, with is matter checks, and 12 iuboidinnte ones, in 
wiffrO. 


* • ll 1 a’ lie/e 'to observe, that in M. Rot Mbit's method 
«94$ Ityfcfdikifilrfw could Ihftwwly he trufted In in ufikhof great 
aM^apyi '^AudwiiJni* 4i th* «hje^ioiu fileeady made, anting 

fuidi*‘flight hold »n<thi iitrfooe of fhe 

« . J*. . d k, iJLv, .. * lk a/t , li . i I M. . 


It will be proper^ reifcfii lerMftei \i be tn<fmWd, to contmiti' the 
^ «> 20 held* Mere, miking fa'the $«4e i4frp siW, * * 

mM 1 operation 
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operation cauied on with fo much power, thqt any fmall me-' 
quality in the hardtufb of the brafs, or h regularity of furface, 
euu.ot ho luppolul to afleiSt the place of the cutter of the hole ; 
nor will any linall inequality that may be fufpe&ed from the 
wear of the Heel holes fcniibly a!lb& the (enter of the hole, to 
which evtry thing is ultimately 1 efured. 


Method ft/*joining the IJoop. 


A more happy thought than that of Hindley’s, for joining 
the two ends oi the hoop, could fcarccly have been wilhed for, 
in regard to preforving the fame equality of the fpace between 
the holes contiguous to the joint, as in the other parts: for 
though, geometrically ipeaking, the two /addle plates, in which, 
the little cylindrical bolts are fixed, for bringing the terminating 
holes of the hoop plate to their due didance, being one applied 
within the hoop, and the other without, will belong to circles 
of different'>*<///} yet this difference being exceedingly fmall in 
iueh thin metal, and fogicat a radius, and one being as much 
too big for the hoop as the other is too little, when the bolts 
arc pur in, and the hoop in that part let nearly to a circle by a 
mould; the mean between them aflumed by the hoop, from 


the elafttc comprcflibility of the materials, will be the truth. 

It mud, however, be remaikul, that in the ufe of the drap% 
the joining of the hoop fhould not be made at any part betwixt 
an 119th and an 120th divifion, as feme inequality mud be 
iuppofed there, unless the laddie plates were adapted thereto. 
The method the mod eafily praftifed, will be to continue the 
divifion upon the hoop, about twenty more than the complefifcm 
of the number intended to form the circle* and to cut affirm 


overn!u* ones at the beginning. . * * ' ’ 

’ The 
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The laddie plates l would recommend to contain ten holes 
each ; fo that if the divifions are carried on to twenty more 
than what will be contained in the circle, there will be a piece 
containing twenty to cut off; and this again being cut in the 
middle will afford ten holes to make each faddle plate; l'o that 
there will be a place for a bolt on each fide the joint, and then 
putting a bolt through every other hole, there will be three 
bolts at an end. 

The pieces deftined for the faddle plates, thus obtained, being 
broader than can be admitted when put to this ufe, I would advife 
to divide the breadth of the plate into three equal parts; and 
with a cutting hook (which perhaps will be attended with the 
leaft violence in the reparation) to feparate the two outfide pieces 
from the middle- piece: by this means the two faddle plates 
(though double) will occupy one third only of the breadth of the 
hoop in the middle; and two of the pieces cut off being applied, 
one on each fide of the faddle plate on the outfide, will anfwes 
in like manner for the rivet plates. 

The laft operation to compleat the joining of the hoop is the 
putting on the rivet plates: to compleat this, I would advife a 
piece of brafs, of three or four inches in length, to be filed fo as 
to anfwer to the infide of the hoop, when reduced to a true cir¬ 
cular form i and being three-eighths, or one-half an inch in 
thi,ckmt&, to file the oppofite fide fomewhat nearly concentric 
thereto *, apply the middle of its convex arch to the infide of the 
hoop lit the joint, and then bringing on the middle Of one of 
the rivfcit. pistes to the joint of the hoop, confine the three to¬ 
gether by a ocnsple si narrow-chapped hand vifes, leaving a 
fpace between them capable of receiving a couple of pins as ri* 
veto on each fide the joint $ the holes for the rivets are then Wt' 
|pj$$kd through all, and a little fmoothed with a broad& at 

their 
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tlhclr entry, into which fmooth taper pins are to be driven; not 
with violence, but moderately, that no fenfible firetching of 
the folid parts may rake place thereby ; then cutting off and 
fmoothing the heads, fhift the vifes fo as to receive another 
couple of holes, and a third couple in the fame end of the hoop; 
and proceed progreffively in the fame manner, from the middle 
to the other end of the rivet plate; then gently feparate the in¬ 
ternal brafs mould with a thin knife, or fuch like inftrument; 
and cutting off, and very lightly rivetting the inner ends, pro¬ 
ceed to fix the other rivet plate, in the fame manner, on the 
other fide: by this means the hoop will be firmly joined in the 
very pofition given it by the faddle plates and mould, Thefe 
plates may then be removed, the infide of the hoop cleared and 
fmoothed, if neceflary; and the outfide will have the middle 
part dear where the divifions lie, and that without fenfible lofs 
or gain in the jun&ure. 


Method of transferring the Dhifons ofthe Hoop to a dividing Pttte. 

The hoop being thus refitted for the chock, that fhtould be 

turned down to leave a fhoulder on one fide, that the hoop, now 

reduced to an equal breadth, may be forced againft it; and the 

divifions, being equally difhnt from die of its edges, will be 

all found in a cirdc, as if turned upon its It fhould be very 

carefully fitted to the chock, that it may go on with a fufficientr 

degree of tightnefs, and without the neceffity of mwth forcing!; 

and it will be no inconvenience now, if it goes on upon a var^ 

flightdegree of taper of the chock, as the internal fpring oldie 

ma terials will eafily accommodate it to this fhape wb 

injury to *m**^*****M 

be 



jp M. Smeaton’s O&fervtUhn on the 

%e turned in the place where the divifions will come, tnal any 
conical pin, that is to ferve as an index, let drop into the divi- 
lions or holes, may not, by reaching through thi, thin plate, 
abut upon the wood, rather than upon the tides of the hole 
and thus thi•> hoop is made intoawhxl of 1440 equal dni- 
lions, mouable lound upon its own axis, whoieou it was 
lonncd. 

Ng.iinAthe time that this is rompleated, there mu ft be pro- 
paud a flat circular plate or wheel of brafs, the litn ol which 
should be of about inches bieadth, and about two-tenths of 
an inch in thkknefs when fmiflied, to make a dividing plate 5 
the external diameter of this is to be Inch, that when laid flat 
upon the fuiface of the mahogany platform, irs extreme edge 
will exceed the diameter of the hoop by about half an inch all 
aound. There mult alfo be prepared brafs arms (fuppoie eight in 
number) of an equal fubftance with the outer rim, and alt con¬ 
nected with a circular plate in the middle; and, the whole of 
this work being framed beforehand, is to be let on flat upon the 
mahogany platform; whole face is fuppofed to be turned truly 
. flat, and fufflciently affixed with ferews : in this fituation, the 
outward edge is to be turned, and the outward face of the rim 
turned flat. The center plate, which may be about twelve inches 
diameter, is alfo to be turned as flat as poflible, and a center 
hole, of (Atari: half an inch diameter, to be very carefully turned 
tfaetwm ( 1 

A psomtafeto* &r*ighisgiahed, well feafooed mahogany, of 
about two feet long, three inches thick* and five or fix inches 
broad, is thq* to br swell a$xed to found part ol the general tram* 
# the lathe, which-unaft um harieits pofidpa altered, fo thaejkbe 

tftftform will become horizontal; said therefore the fram&'ftKmld 

4 , bo 
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be otinitially made with this view *. The piece of mahogany 
ii> to bo affixed fo that one of its larger faces fliall be in a pa¬ 
rallel plane to the face of the platfoim, and fo low as to clear 
the under fide of the platform in its rotation ; and fo far diflant 
from the center, that an index may he fixfcd upon this upper 
face of the pit cc of wood, fo a-> conveniently to drop into the 
holes of the hoop; while the common cuitcr frame of a clock- 
maker’s eugine fhall be firmly attached upon the fame face of 
the wood, and fo fixed as to cut the edge of the dividing plate 
into teeth, anfwcrable t« the fevcral divifions of the hoop. The 
teeth need only to be cut with a common cutter, making a pa¬ 
rallel notch: and here it will be proper to obferve, that not 
only both the index and cutter are to be founded on the fame 
piece or bafe of wood; but that the nearer they are together, the 
more free they will be from the effects of all variations of cx> 
panfions by variations of temperature +. 

The equalling the Teeth of the dividing Plate by grinding. 

The object of transferring the divifions of the hoop to the 
teeth of the dividing plate, is ftill farther to equalife the teeth 
by grinding; efpecially thofe that, falling within the compafs of 

* After changing the pofition of the lathe, the colter of it* mandrel fliouM he 
removed, and the neck made to move within three plane*, fo »to prefern an 
f ya ft center, in the manner of an iju*l altitude mftrument, 

f It ii proper to obferve, that a* it may be impraflicable to get the rim of the 
dhriding plate aft of the proper lee, In one entire piwfe* It will be very pn&U 


t 


cable, if eaftof a left fta (foppofo half), bat of a fufficient tnioicnew, to rente 
dowft'J and by having the outward edge originally thicker than this hmer.'tt//** 
propor&tf & the radii, it may be fo managed by the relief* a* to beojf 
thickneft tlM1ft proper *»• Btif &«£«£* 

1 Vo u LXXVI. ® eacK 
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cachfet of iao divifions, may be fuppofed, if any, to be mended 
thereby*, but as it may be incommodious to conftruft a curved 
fcrew, of fuch a length and iizc, in Hindley’s method, as 
would be fufficicnt for‘the purpofe, I would propofe to ufu two 
fcrews of brafs, cut from a cylinder in the way fet forth by 
Mr. Ramsden, each of which, with a very little grinding upon 
this large circumference, would lay hold of ten or twelve teeth 
together. I would place the two fcrews, that is, their middies, 
to be ninety divifions afunder; of confequence, when one of 
the fcrews is between the 59th and the 60th, or between the 
119th and 120th divifion of each fet, the other will be in the 
middle of the fpace divided by the chaps only *. 

The threads of thefe fcrews I would advife to be cut a little 
taper, fo that as they grind in, they may fill the notches of the 
teeth; which alfo, by this means, will acquire a little tapering 
towards their extremities; arid by cutting the notches parallel, 
as I have mentioned, the true ground part will always be certain 
of being at the extremity. 

When the fcrews have been ufed in grinding till they are 
found to have the effe&of a perfectly equal and ealy rotation all 
round, and all the teeth reduced to a fenfible taper, and regular 
hearing, 1 would then totally remove the fcrews from the fquaro 
block of wood, upon whofe upper face I fuppofe them to have 
beet* mounted; m liketoaaner as I fuppofe the index and cutting 
frame to have beets removed, to make room far the ■warning of 


* Tt»Mfc«qr*f toriwff twofcwwi,fwmitohebjra 

detached«d*v «wuw» <*t wheal* > one afltof a like flat 

wheel, aafc tipm wA the fiber, to the fits* ajanaef, upon 

the Other; *n4 fat eewnradtautogttopwtortothe middleof 
gwdetaefaed txk between the two wheria^tty tato will be e^p|twft 

®4t* to that to taming the 00 nmy wff mapfa will $111 

<lr*j the 
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the ferews. I now confider the teeth of the dividing plate, fo 
formed, as having .ill the equality that the prefent known ftate 
of human art has pointed out; and the whole convertible upon 
the axis or mandrel upon which it has* boon originally formed, 
and the central hole of the plate concentric therewith : 1 there* 
fore conikler the ground faces of the teeth of the plate as the 
aftual divifions. It now remains to (hew how they are to be 
transferred, to form the divifions of an mftrument. 


Preparation of the dividing Plate for graduating Infiruments. 


If a fmall cylinder of hard ftcel is duly polllhcd, and made of 
a fize fo as juft to chock in betwixt the extremities of the teeth, 
then the center of that cylinder will be a fixed point, in jrefpedfc 
to the circumference of the wheel; if another cylinder Is applied 
hi like manner, at the dxftance of a number of divifions (fujv 


pofe it a prime number, as to crofs all former divifions, viz. 
17 or 19), then the middle of the line joining the centers of 
the two cylinders will remain in the direction of xk&fame radius * 
though one of them fhould force in a minute quantity fertfoer 
than the other; and if a point is aflumed in the dire&ion of a 


tangent to a circle at this middle-point, then though both the 
cylinders Should drop in a minute quantity further at pne rime 
•than atmtht?, yet the middle-point would remain at the €wm 
difcmoe from the point in the tangent; provided that paint was 
eeiTMwed’tq « competent difianee, that is, to five or ’fixintdies. 
On this principle I would an index, ^fiwqylkqki* 

%di&gfi*«d hto fyum* convertible about the 
*#%*< cefttseredin the end of the levor, repvefenting » 
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from the point in the tangent, and there hold it fteadily faft} 

the tangent point being placed upon the fixed block before- 

mentioned. 


Ufe of the dividing Plate in the Graduation of Infrnnmh. 

Our dividing plate is now ready for the lcception of an 
inftrument; fuppofe it a quadrant, whofo radius, however, 
muftnot exceed the radius of the dividing plate: It is to be 
laid upon the face of the dividing plate, and a weight, or 
weights, equivalent to that of the quadrant, is placed on the 
oppofite fide, to balance it. It muft alio be fuppofed, that the 
quadrant is made with a view to be divided by this engine j and 
confequently, that the central cylinder is fo well adapted, and 
nicely fitted to the center hole of the quadrant, that the center 
cylinder can be removed, in order for the limb to be divided, and 
again replaced, without fenfibly altering its center. This being 
the cafe, let a piece of metal be turned, to apply to the quadrant, 
perfe&ly like its center cylinder at the upper end, and turned 
.nicely to fit the eeotrahbole in the dividing plate, at the lower 
end; then, the quadrant being fixed with proper faftening 
ffcrews, I would cut the divifioos with a beam cqmpafs ; and, if 
a fixed point is affumed, vix. the center of the tangent point 
for th*,jadex i then the beam compafs being always opened to 
thr computed length of the tangent of the circle of divifiona, it 
wH he fufficiently nearfpr cutting the divifions, fquare to,the 
chonhr arches between which they are placed. t 

It^ill alfo be proper (to prevent unequal expanfiojis) that the 
.beam of,the .compafs ftiould be formed, of,a piece; of clean,-* 
* grained whU«$r\ and that the length between ,the points^ 
J3fe£ed in a tube of tin or brafs i without touching the*h#w»» 

^except 
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except at the terminations, which will in a great mcafure protect 
it from both alteration of moifturc, and of heat from the body 
of the artift, during the operation. 

It will be likewile proper to have a lever, or fome equivalent 
contrivance, to bring the dividing plate forward; that after 
lifting the little cylinders out of the divifiom, and retting 
them upon the tops of the teeth, they may be brought gently 
forward with an equal drag, and ultimately lhap in between 
the teeth, by the ftrength of the fpring commanding the index; 
by this means the drag of the fridion of the whole will be 
conttantly the fame way. 

Condufm . 

Now, if, as it has been fljewn, a quadrant of any radius may 
be read off to the 40oodth part of an, inch, then this quantity 
upon a radius ,of ithree feet will not be fo much as ij fecond j 
and as the whole of the procefs is carried on by contact, in 
which a greater error than that of a 6o,0oodth part ©f an 
inch cannot be admitted in atiy Angle Operation,' I fhould 
affurcdly exped a three-feet quadrftnt, fo divided, to be true in 
its,divitton$, and read off to at moft two feconds. ’ 

Btit,A&er all, Jn an jnftrumenthke this, I ttiould esped-th# 
greateft f©#roe>of.error to-be in the want of perfcd comqdeane 
of the center ©f'-Jto- 4i#on»' with the aSual center^upon 
which the index revolves; and therefore, that If, inftead of a 
quadrant of threb-feet a 'complete circle'of Ate’ feet' 

diameter was diylded,^ an# to dhrittons read off* from the'ttoto 
opp^jjniata (t#|g ( t&e toeao) >; then, 'errors 
center be ,wb»% »«Wad#df * ifer.thie 

dearly of opfoioo, that 

1 . 
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den, to life circles inftead of quadrants, or other portions of 
circles, will bid much the faireft for perfection in a&ual prac¬ 
tice; and that his ingenious method of making them both ftift" 
and light, by the ufo of hollow conical tubes by way of fipokrs, 
in the manner of a common wheel, will enable him to mount 
them of five feet diameter, upon hollow axes, in the nature of 
a tranfit. By this means we (hall have all the good properties 
of both the quadrant and tranfit united in one inftrument; and 
obfervations both of right afeeufion and declination, through the 
very fame telefcope, as long fince attempted by M. Roemei ; 
and to a degree of perfe&ion and certainty, in point of decli¬ 
nation, hitherto unattainable by the largeft infiruments that 
have yet been made. 

N. B. In matters of very nice determination, fmall circum- 
ftances often come to be of confequence; and it is in this view 
that I mention what follow®. It was a practice of Hxndley’s 
of many years {landing, and fince followed by myfelf and 
others, wherever he made any ufo of the vernier, to lay the 
vernier plate ki the fame plane, or cylindrical furface conti¬ 
nued, ' whereon die principal divisions are cut. It is of equal 
utility, though the vernier be rejected, to lay the index ftroke 
in the’plane of tire divifions. In this way the divifiona being 
by convenience upon the external border of the limb two 
tjfots of divifions are thereby tendered ihcoftUmodiouBj but thofo 

* I* deeded, tittup ttedivigona uspon the extreme edjfc <of the 

limb of the inftmaent fubjeft* it to injury! ( but, to obviate thi», in an HADtay'i 
quadrant ma‘defbr mi?, by ni/^ire 5 iori, by the tate'jtyr. Morgan, in the year 
* 736, whefha'the verbid it {iid'afottivlth fhoditi^Jhi, dtofc' trfe'protaftdl fcjr h 
^ojeaioftofi tUtoiii&rt *fs tHstiinb, lyma tybtiiMt * ^iHnthdattfaeft 
4 m*k edge vf tice limb, to cfatr the wafer. * f 
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that wifh two fets, as a check, will in a great mcafure aid 
thcmfelves, by reading from two different parts of the fame fet 
of divifions; which is very eafily provided for, by putting an 
additional ftroke upon the index plate, at the diftancc of 9, 11, 
or any prime number of divifions to 19, 23, or more; and 
reading off from that ftroke alfo; as before recommended for 
great quadrants, where the vernier ispropofed to be reje&cd * : 
fo that they will thereby be mutually checked by divifions that 
had no correfpondence in their original formation. 

* I would not have it thought, from my propofal of rejefting the vernier, 
that I have any quarrel with it; I think it a very Ample and ingenious contri¬ 
vance, where it is properly applicable; that is, where the rtrokes of the vernier, 
or their eftlmated halves, are fufficient for all the prediion required or cxpc&ed 
ftom the inftiument, as in Hadley’s quadrants, theodolites, &c.: but where 
Hill more minute divifions aie required than can eafily be had by eftimation from 
the vernier; to do this by a ferew, as a fupflmcnt to the vernier, appears to me 
in the light of bringing a more accurate tool to fupplythe deficiencies of one lefs 
weeurate; when the former might, with more propriety, fupply the place of the 
latter altogether. 


C 4' ] 


11. A Series of Qbfervalions on, and a J Dfcovery of, ihe Period 
of the Vat iation of the Light of the Star marked l by Bayer, near 
the Bead of Cepheus. In a Letter from John Gooclricke, 
Ffq. to Nevil Malkelync, D. D. F. R. S. and Afronomer 
Royal. 


Read November 24, 1785. 

s 1 r> York, June 28, 1785. 

T HE improvements which of late years have been Intro¬ 
duced into aftronomy, Ihould be attributed not only to 
the diligence and accuracy wherewith aftronomers profecute 
their obfervations and difeoveries, but in part alfo to your exer¬ 
tions, and efpecially to that kind encouragement which you 
have, on many occafions, afforded thole who make this faience 
their chief ftudy; and 1 am happy to have this opportunity of 
acknowledging myfelf one of thofe who are much indebted to 
you in this refpe&. Under thefe impreflions I thought I could 
not do better than to addrefs to you the following account of a 
periodical variation in the ftar $ Cephei, which I lately difeo- 
vered. This account will, I prefume, be a confiderable addi¬ 
tion to the few difeoveries that have but very lately been made 
refpe&ing the fame fubjed. They may probably lead to fome 
better knowledge of the fixed ftars, efpecially of their confti- 
tution and the caufe of their remarkable changes. 

My 
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My firft obfervation was 0 < 5 t« 19, 17S4; and as I wilhed to 
eftablifh the fcveral points of the variation with as great accu¬ 
racy as the nature ot the fubjedt will admit of, I have delayed 
ft nding this account till now; but as obfervations made through 
fo long an inteival of time mull be very numerous, and would 
only fwcll this piper to an unnccoflary length, I have in the 
following feries formed a filed!ion, chiefly of thofe that were 
made under the raoft favourable thcumflanccs; and I muft 
add, that none of thofe that are omitted conlradidt rherdulrs. 
Fiom this feiics I have ftttled, that the flar has a periodical 
variation of 5 d. 8 h. 37''I, during which time it undugocs the 
following changes: 

1 . It is at its greateft brightnefs about one day and thirteen 
hours. 

2. Its diminution is performed in about one day and eighteen 
hours. 

3. It is at its greateft oblcuration about one day and twelve 
hours. 

4 . It increafcs in about thirteen hours. 

When it is in the firft point it appears as a ftar of between 
the fourth and third magnitude; but its relative brightnefs 
does not feem always to be quite the fame, being fometimes 
between £ and < Cephei, and fometimes only equal to, or fome- 
thing lefs than, t Cephci, or between £Cephei and 7 Lacertae. In 
the third point it appears as a ftar of between the fourth and 
fifth magnitude, if not nearer the fifth; and its relative bright¬ 
nefs is as follows: nearly equal to # and | Cephei, and confi- 
derably lefs than 7 Lacerta?. 

The relative brightnefs and magnitude of thofe ftars to which 
the variable one was compared, is as follows; £ Cephei, the 
brighteft, is between the third and fourth magnitude; * Cephei, 
Vol. LXXVI. H the 
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the next brighteft, is between the fourth and third j 7 Laccrtas 
is Ids than * Cephei, and of about the fourth magnitude; 
e Cephei is between the fourth and fifth magnitude ; and % Ce¬ 
phei, which is a little 1 Is than c, is between the tilth and 

fourth. 


J Series of Obfervatiohs on the Variation of the Light of the 

Star $ Cephei. 

1784, 061 . 19, at 81 h. I thought it was rather lefs than £ 
Cephei. 

Oft. 20, at 81 h. it was rather lefs than £, and about equal 
to 1 Cephei. 

Oa. 22, at 91 h. lefs than /, and larger than e Cephei; but 
the air was not very fiivourablc. 

0 £t. 23, at 61 h. and 11 h. lefs than 7 Laccrtx, and a little 
brighter than e Cephei. 

oa. 24, at 6i h. lefs than £ Cephei, fomewhat lefs than 
t Cephei, and fomething brighter than 7 Lacertas; ftrong moon¬ 
light, and air rather hazy. 

At 8$ h. to it h. a little lefs than £ and* Cephei, and 
brighter than 7 Lacertaj; air clear and frofty; the moon was 
very low at u h. 

oa. 25, at 6 h. 8 h. and 11 h. nearly the fame; air pretty 
clear, and moon bright. 

oa. 26, at 94 bn and 11 h. rather lefs than 7 Lacertat; 
flrong moon-light, but air very clear. 

06 t. 27, 6i h, and' 10£ h. lefs than 7 Lacertaa, and brighter 
tluo> £ Cephei; ditto. 

% 061 , 
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Odt. 28, at 9 i h. and 12 h. juft the fame, if not lefs; 
moon-light, but the air was remarkably clear. 

0<ft. 3r, at 8 h. nearly equal to, if not lefs than, 7 Lacenae. 

Nov. x, at ill h. fomewbat lefs than 7 Lacertae; air clear. 

Nov. 3, at iai h. equal to, if not a little lefs than, 7 La- 
cert® ; but the weather was not very favourable: it feemed to 
have increafed fince my firft obfervation, which was at 5I h. 

Nov. 5, at 13 h. brighter than 7 Lacertae,, and lefs than £ 
Cephei; flying clouds, but air pretty clear. 

Nov. 6, at 9 lx. and 12! h. rather lefs than 7 Lacertae. 

Nov. 7, at 7! h. I thought it flill rather lefs than 7 Lacertae, 
but at 10 1 h. and 11 h. it was evidently lefs than it; air clear. 

Nov. 10, at ii h. and iaji h. fomething lefs than £ Cephei, 
and brighter than 7 Lacertae; clear (ky. 

Nov. 11, at 7 h. to 12 h. a little brighter than 7 Lacertce. 

Nov. 12, at 7 h. and 8l h. about equal to 7 Lacertae. From, 
9I h. to I2|h. it was fomething lefs than 7 Lacertae, and 
brighter than s Cephei. 

Nov. 13, at 6 i h, to 11 h. only a little brighter than s Ce¬ 
phei, though fometimes it appeared equal to it. 

Nov. 14, at yl h, brighter than s Cephei, and, I believe, 
3qual to 7 Lacertae. There was a hazinefs about 7 Laccrtas. 

Nov. 15, at 1 ah. lefs than £ Cephei, and brighter than 
7 Lacert®; fine aurora borealis , but the air was very clear. 

At i8{ h. ditto; but the air was not very clear. 

Nov. i(5, at 6£ h. and toh. juft the fame, if not decreafed 
at 10 h. 

Nov. 17, at 6j b. to io| h. a little lefs than 7 Lacert®, and 
brighter than < Cephei; air clear. 

Nov. 18, at 9 h. to is h* and 19 h. little brighter than« and 

| Cephei. 


Nov. 
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Nov. 19, at 6 h. to 10 h. juft the fame, being but a very 
little brighter than e and £ Cephci; air clear. 

At 18-1 h. it was inereafed, being now brighter than c and 

| Cephei. 

Nov. 20, 7 b. to 11 h. confulerably brighter than 7 Laeerta.*, 
fomething lefs than £CVphei; air extremely clear at 11 h. 

Nov. 21, at 6 h. exaiftly the fame. 

Nov. 22, at 91 h. about equal to 7 Lacertac; moon-light. 

Nov. 25, at 7h. and 8h. lefs than 7 Laeerta;, and brighter 
than £ and g Cephei; air clear. 

At 9-1 h. and 9I h. a little brighter than 7 Laeerta;. 

At xoi h. and 12 h. brighter than 7 Lucerne, and about 
between £ Cephei and 7 Laeerta;, but rather nearer 7 Laeerta; j 
air clear and moon-light. 

Nov. 26, at 9 h. exactly as laft night. 

Nov. 29, at yl and 8 h. lefs than 7 Laeerta;, and fomething 
brighter than s and | Cephei. 

Nov. 30, at 8i h. as laft night; air clear. ' 

At 10J h. between 7 Laeerta; and « Cephei, but nearer*. 

At io|h. ri h. and 12b. ditto, but nearer 7 Laccrtae; air 
clear. 1 have no doubt of its increafe fmee 8$h. Mr. E. 
Pigott found it rather lefs than £ Cephei at i8jh. See his 
Obfervatiom . 

Dec. i, nh. fomething lefs than £ Cephei, and brighter: 
than 7 Laeerta;. 

Dec. 3, ra$h. lefs than 7 Lacertac, and brighter than e 
Cephei, 

Dec. 4, 51 h. to 12 h. little brighter than a and | Cephei. 

Dec. 7, 10 h. and 11 h. between £ Cephei and 7 Laeerta;. 

Dec. 8, at ioi h. between 7 LaCertae and s Cephei. 

Dec. 
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Dec. 9, u i h. ditto, but nearer e Cephei; about equal to | 
Cephei. 

Dec. ir, 6 h. fomething lefs than 7 Laccrtsc; brighter than. 

£ Cephei. 

At 71 U. fomething brighter than 7 Lacertac. 

At 8^ h. brighter than 7 Lacertac. 

At 9 h. and 11 h. between £ Cephei and 7 Lacertac, but 
nearer 7 Lacertac. 

Dec. 12, at 6 h. fomething lefs than £ Cephei. 

Dec. 13, at 9,5 h. brighter than 7 Lacertac; confidcrably lefs 
than £ Cephei. 

Dec. 14, at 81 h. nearly equal to, if not lefs than, 7 Lacertac. 

Dec. 17, at 5! h. and y\ h. equal to, if not lefs than, < Ce¬ 
phei, and between ^Cephei and 7 Lacertac, but nearer £. 

Dec. 1 8, at 9 h. lefs than < Cephei, and between £ Cephei 
and 7 Lacertac, but nearer 7 Lacertae. 

Dec. 19, at 19 h. lefs than 7 Lacertac; confidcrably brighter 
than g and f Cephei. 

Dec. 20, at 6h. and 7 b. about equal to Cephei, and a 
little brighter than e Cephei. 

Dec. 21, at 8 h. and 18 h. nearly equal to e Cephei. 

Dec. 22, at 84 h. confidcrably brighter than 7 Lacertac, lefs 
than £ and a little lefs than < Cephei; ftrong moon-light. 

Dec. 25, at U* between 7 Lacertac and e Cephei. 

Dec. 28, at 8 h. &c. between £ Cephei and 7 Lacertac, and 
equal to, if not lefs thau, t Cephei. 

Having, in the beginning of 'this' paper, mentioned my 
intention of omitting fevcral observations, in order to. be as 
Ihort as poffible, l have thought it be ft, with the eWtj<ttl o^ 
one only, to leave out all that were made in January, February, 

and 


i 1 
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and March, becaufe they were much interrupted by the then 

unfavourable ftate of the weather. 

1785, Feb. 8, at 9 h. equal to 7 Lacertac; confiderably lefs 
than 1 Cephei. 

At 1 oh. rather brighter than 7 Lacertai. 

At 11 h. brighter than 7 Lacertac; a little kfs than < Cephei. 

April 1, at uh. about equal to e and £ Cephei; weather 
liot favourable. 

April 2, at 12-1 h. ditto. 

April 3, at 8 h. a little lefs than < Cephei, lefs than l Cephei, 
and brighter than 7 Lacertac, 

April 4, at u h. ditto; if any thing, it is lefs than it was' 

• laft night. 

April 7, at iobu about equal to s and | Cephei; but the 
weather was not very favourable, 

April 8, at 7$ h. confiderably lefs than * Cephei, brighter 
than e and £ Cephei; but the air was not very clear. 

At 10 h. it was increafed. 

At n h. only a little lefs than t Cephei, 

At i2.h. equal to, if not a little brighter than <» and lefs 
than £ Cephei 5 confiderably brighter than 7 Lacertac. 

April 1 a, at la h* a little lefs than «, and nearly equal to | 
Cephei. 

' April 13* at p,h. juft the fame. 

At 11 h. feemed rather increafed, being equal to », and a 
little .brighter than £ Cephei* 

April 16, at 111 h. nearly equal to t and £ Cephei. 

April 17, at 9 h. and n h. rather a little lefs than «, and a 
Me brighter than £ Cephei. 

April 
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April 19, atnfh, about equal to * Cephei, if not a little 
brighter than it; lefs than £ Cephei, and confiderably brighter 
than 7 Lacertse. 

April 24, at 10 h. a little brighter than 7 Lacertse; confi¬ 
derably lcfs than t Cephci. 

At 1 a h. fcarce at all altered, but if any thing it is a little 
increafed; air very clear, and obfervation good. 

April 25, at 10 h. and 1h. little lefs than t Cephei, and 
confiderably brighter than 7 Lacertae. 

April 26, at 10 h. and 11 h. lefs than 7 Lacertse, fomething 
brighter than e, and brighter than £ Cephei. 

May 4, at 9$ h. and 12 h. a little lefs than e and f Cephei. 

May 7, at 12 h. lefs than < Cephei, and a little brighter 
than 7 Laccrtm. 

May 9, at n h. a little lefs than e Cephei, 

May 10, at 12 h,* between 7 Laccrtae and e Cephei, but 
fomethiug nearer e. 

May ii, at xo h. and 12 h. brighter than t Cephei, lefs than 
£ Ccphci, and much brighter than 7 Laccrtae. 

May 14, at nl h. much lefs than 7 Lacertae, equal to, if 
not a little brighter than, a Cephei, and brighter than £ Cephei. 

May 15, at 9i h. lefs than e, and about equal to | Cephei. 

May 19, at 95 h. and 11 h. equal to, if not a little brighter 
than, s Cephei, and brighter than £ Cephei. 

May 20, at 9! h. n h. atid 12 h. a little lefs than *,- and 
nearly equal to £ Cephei. * 

May ai, at 12 h. equal- to, if not a little lefs than, * Cqphei; 
lefa than £ Cephei, and confiderably brighter than 7 Lacentae, ^ 

May 22, at 10 h. and 1 ij a little brighter than < Cephei, 
the reft as- laft night. 

May 23, at 11 h. and* h* aeariy eqfucd t& 7 locum? and- 
left than t Cephei, 
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May 25, at 10 h. and iah. a little left than «, and about 
equal to | Cephei. 

May 27, at 10 h. between £ and t Cephei, and confidorably 
brighter than 7 Lace me. 

May 28, at 12I1. between 1 Cephei and 7 Lacerhn, 

]nne 1, at 9 1 h. I thought it lei's than < Cephei; ah* not 
clear, and twilight pretty flrong. 

At ioi h. and 12 h. between £ and t Cephei, but rather 

nearer t. 

June 2, at 12 h. exa&ly the fame. 

June 6, at 12 h. ditto; the weather was not very favoura¬ 
ble, but the obfervation feemed good. 

June 10, at njli. a little lets than e Cephei. 

June 12, at 11 h. between r ( and < Cephei. 

June a 1, at io h. nearly equal to, if not a very little 
brighter than, s Cephei; twilight. * 

At 11 1 h. a little lefs than e, and about equal to £ Cephei. 

June 23, at n|h. between £ and < Cephei, and brighter 
than 7 Lacertse. 

June 24, at nih. ditto; only a fhort view. 

June 25, at xi|h. a little, but certainly, brighter than « 
Cephei, brighter than £ Cephei, and confiderably lefs than 7 
Lacertae, 

June 26, at 11 i h. a little lefs than > Cephei, and equal to, 
if-not a little brighter than, £ Cephei, 

M the above colle&ion I find only two or three miftakes of 
any confequencc, viz. the dates of the obfervations of April 
7, and 8, are marked in my journal for April 8, and 9; but I 
have corrected them, being convinced they are erroneous: and 
the obfervation of May 10, I think, difagrecs rather too much 
from what it ought to be by computation. 

The 
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The following obfervations were made by my friend Mr, E. 
Pigott ; who, at my requeft, Was fo kind as to obfervc the 
ftnr as often as poflibl®, though then in an ill date of health. 
They are, I prefume, fufficicnt to corroborate the variation of 
the ftar as above hated, although in one or two places there 
may be found fome little differences between our obfervatious. 


MR. PIGOTl’s OBSERVATIONS. 

1784, Od. 25, at 12I1. rather brighter than 7 Lacertae 5 
much brighter than a Cephei, and much lefs than £ Cephei $ 
nearly between £ Cephei and 7 Lacert®. 

Od. 26, at 1 ah. leemedthe fame as yefterday. 

Nov. t, at 1 ah. brighter than t Cephei; feetned rather lefs 
than 7 Lacertoe, 

Nov. 13, at 81 h. rather, but very little, brighter than e 
Cephei; lefs than 7 Lncerta?. 

Nov. 15, at 1 ah. feemed rather brighter than 7 Lacertse, 
and lefs than £ Cephei. 

Nov. 17, at 8 h. lefs than 7 Lacertse; rather brighter than« 
Cephei. 

Nov. 18, at 1 ah. equal to s Cephei, though fometimes it' 
feemed lefs; lefs than 7 Lacertse. 

Nov. 19, at 1 a h. feemed equal to e Cephei. 

Nov. ao, at n h. rather lefs than £ Cephei; brighter than 
7 Lacertse. 

Nov. 15, at 1 ii h. if not equal rather brighter than 7 La- 
cert®;, much brighter than a Cephei. 

Nov. 29, at 8 h. equal to s Cephei. 

Nov. 30, at 111 h. brighter than 1 Cephei; lefs than 7 Lacert®. 

Vrm. LXXV 1 . ‘ I At 
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At i8f h. much increafed} rather lefs than £ Cephei. 

Dec, 4, at 6 i h. fometimes thought it lefs, and at other 
times brighter, than e Ccphoi. 

Dec. xi, at 5; h. lefs than 7 Laccrtx; rather brighter than 
b Cephei. 

At 11 i h. rather brighter than 7 Laccrtx; not at its full 
brightnefs. 

Dec. 21, at 7 h. if any difference lefs than s Cephei. 

At 18 J h. a little brighter than « Cephei. 

Dec. 22, at 8 h. lefs than £ Cephei; a little brighter than 

7 Lacertx. 

Dec. 28, at 5: h. nearly equal to £Cephei; had only a fhort 
view of them. 

1785, April 26, at ii| h. lefs than ( 9 rather lefs than t Ce¬ 
phei, brighter than • Cephei, and if any difference rather 
brighter than 7 Lacertx. 

May 4, at 94 h. much lefs than £ Cephei, lefs than t Cephei, 
and than 7 Laccrtx, and rather brighter than 0 Cephei. 

May 7, at 11 h. rather lefs than 1 Cephei, and brighter than 
c Cephei, 

May 9, at n i h, rather brighter than 0 Cephei, and muck 
lefs than t Cephei, and 7 Laccrtx. 

* May n, at xoi h. rather lefs than £, and rather brighter 
than / Cephei j much brighter than 7 Lacertx, 

May 19, at loh. equal to 0 Cephei, but if any difference 
rather brighter j little hazy and moon-light. The fame at 
j 2 h. but the weather was not hazy then. 

May 20,' at 11| h. and 12I h. rather brighter than « Cephei, 
and much lefs than 7 Lacertx; moon-light ftrong at 11} h. 

, May 2i, at n\ h. equal to 7 Laccrtx; lefs than < Cephei. 
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May 22, at I2f h. equal to, if not brighter than, 7 Laccrtae; 
think it brighter than * Cephei. 

May Z'l, at n| h. feeraed fometimes equal to, though gene¬ 
rally lefs than, < Cephei and 7 Lacertae. 

Having now delivered the obfervations, from whence 1 
have deduced the preceding conclufions, nothing more relative 
to this fubjedt remains to be mentioned, except the determina¬ 
tion of the period ; in the doing of which I muft follow nearly 
the fame methods as have been ufed in fomc preceding papers. 
It is very evident, from a rough calculation, where only fiugle 
periods or very (hort intervals are ufed, that it is about five 
days and eight hours. In order to determine this period with 
greater exafltnefs, I have, in the following table, collated fome 
of the moft precife phafes. The firft five are times when S Ce¬ 
phei was obferved to be equal to 7 Lacertae during the courfe of 
its increafe of brightnefs, which proceeds rapidly. The five 
next are fimilar times, with this only difference, that as it was 
not then actually obferved to be equal to 7 Lacertae, a proper 
allowance from the neareft obfervations was made on fuppofi- 
tion that the changes are fimilar in every period. The ten laft 
are aflumed times between its leaft and greateft brightnefs, 
which determinations can hardly err more than a few hours, as 
the whole increafe is completed in thirteen hours; but even 
were it fo, the periods deduced from them would ftill be exa&, 
bccaufe the intervals are very long. 
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1784 and 1785. 



\ 

D. H. 




D.H.M. 

Nov. 2«f, 8j* 
Feb. 8, 9 , 

| an interval of 14 period 

s each of 

5 8 34 + 

Dec. ir, 6£ ] 
Feb. 8, 9 J 

j> ditto 

11 

ditto 

5 8 54 i 

Nov. 25, 8^1 
April 8, 8 i 

. ditto 

25 

ditto 

5 8 2 ( > 

Nov. 30, 16 1 
April 8, 8 . 

^ ditto 

24 

ditto 

5 8 40 

Nov. 30, 16 *] 
April 24, 8 J 

► ditto 

27 

ditto 

5 a 35 * ~ 

0&. 33, 21 1 

l ditto 

29 

clitto 

5 8 4 1 * Hh 

May 3i, 0 J 
NOV. 19, 32 1 

May 21, 0 J 

f 

|, ditto 

ditto 

5 8 3U 

3+ 

Dec. 32, 1 “i 

May at, 0 j 

j. ditto 

28 

ditto 

3 8 32 + 

Nov. 19, 22 • 
April 2, 23 . 

| ditto 

25 

ditto 

5 8 4 QJ 

Nov. 19, 22 ] 

L ditto 

6 

ditto 

< 8 50 

Dec. 3 *,' 1 J 

r 


f 


Hence the period is, on a mean. 


5 8 37 *+- 


A few curfbry remarks (hail conclude this Paper. What I 
have before mentioned, that the greateft brightixefs af $ Cephei 
does not feem to be always quite the fame, is not peculiar to 
this ftar, but is alfo to be obferved in the other variable ones. 
I have remarked in a late Paper, that the greateft brightnefi of 
0 Lyra is fubjedfc to considerable alterations, and thought then 
that it might be owing to fome fallacy of obfemtion; but now 
3 2 have 
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I have reafon to alter, in forae mcaiure, my opinion on this 
head. Even Algol does not feem to be always oblcured in 
the fame degree, being perceived to be lonaetimes a little 
brighter than ? Perfei, and fometimes Ids than it *. Thefe 
feeming irregularities, however, do not appear to affcffc the 
period; for if we compare the lame precile phafes together, it 
will be found ftill regular. This may, I fuppofe, be accounted 
for, by a rotation of the ffor on its axis, having fixed lpots that 
vary only in their fize. 

I need not fay, that the ficuation of $ Cephei, on account of 
its great northern declination is fuch, that its changes may be 
obferved with great advantage in thefe latitudes, it being always 
fufficiently elevated above the horizon. To this circumftance are 
alfo owing its various changes of pofition, which, I find, 
affeft the comparative brightnefs of the ftars a little; but, as 
thefe differences are very trifling, I lhall take no further notice 
of them. 

If you think this account worthy of notice, I beg-you will 
be fo kind as to communicate it to the Royal Society. 

I remain, with great regard, &c. 

JOHN GOOipiCKE* 

* This will appear from an attentive examination of the obfervationa of that 
ftar’g diminution in my two iate Papers, which were printed in the LXXIIId and 
LXXIVth volumes of the Philosophical Tranfaftions, I did not take much notice 
of it then, becaufe X thought the difference was too fmall to be relied on * but the 
observations I have made fmee feem to confirm that it does mty dimmifh a 
little unequally, M. Mbchain, in a letter to Mr, E. Pioorr, mentions the km 
faft. 
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III. Magnctical Experiments and Obfirwtions . 

By Mr. Tiberius Cavallo, F. R> S. 

(The Ledure founded by the late Henry Baker, Efq. F.R.S.) 


Read November 24, 1785. 

T HE objed of this ledure is to fhew the properties of 
fome metallic fubftances with refped to magnetifm; and 
the experiments herein related feem to ascertain fome new and 
remarkable fads. 

The magnetic properties have been generally thought to 
belong only to iron, ortothofe fubftances which contained that 
metal; comprehending under the general name of iron not 
only the metal commonly fo called, but likewife its more per- 
fed and more imperfed dates, vim. fteel, iron ores, amongft 
which is confidered the magnet, and the calces of iron, except¬ 
ing only thfefe which are very much dephlogifticated, for they 
poftefs no magnetic property whatfoever. Some other metallic 
fubftances, and efpecially' platina, brafs, and nickel, on which 
the magnet has fome adion, were thought to be magnetic fo 
far as they contained fome portion of iron, the prefenco of 
which may be manifefted by chemical methods in many cafes, 
but not always; becaufe the quantity of iron may be fo excef- 
fively fmall in proportion, to the weight of the other metal in 
which it is concealed, as not to be difcoverable by chemical 
analyfis, and yet it may be fufficient to affed the magnetic 

needle. 
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needle. The following experiment will (hew, that an exceed¬ 
ingly fmall quantity of iron will render a body fenfibly mag¬ 
netic. 

Having chofen a piece of Turkey-ftone, which weighed 
about ail ounce, I examined it by a very fenfible magnetic 
needle, and found that it had not the leaft degree of mag- 
netifm, the needle not being moved from its ufual direction by 
the vicinity of any part of the furfacc of the {tone; I then 
weighed a piece of fleet with a pair of fcales that turned with 
the twentieth part of a grain, and afterwards drew one end of 
it over the furface of the flone in various directions. This 
done, the piece of fleet was weighed again, and was found to 
have loft fo fmall a part of its weight as not to be difcernible 
by that pair of fcales; yet the Turkey-ftone, which had ac¬ 
quired only that fmall quantity of fleet, affeCted the magnetic 
needle very fenfibly. Chemiftry feems not to afford any means 
by which fo fmall a quantity of iron may be decifively detected 
in a body that weighs one ounce. Hence it follows, that 
though no iron is to be difeovered in a body by chemical me¬ 
thods, yet it fhould not be concluded, that the faid body, if it 
affbCfc the magnetic needle, does not own its magnetifm to fome 
fmall quantity of iron concealed in its fubftatice. 

Nickel is a metallic fubftance which lias been fufpcCted to be 
capable of acquiring fome degree of magnetifm independent of 
iron*, and this fufpicion has been founded upon obferving,‘that 
nickel retained its magnetifm after having been repeatedly puri¬ 
fied *, There are, however, perfons who have denied the 
magnetifm of purified nickel; and I have feeu fome pieces of 
it which did not in the leaft affed the magnetic needle. It is 
probable, that thofe pieces were not pure nickel, and 

* &e WAN's Mineralogy, p, 3+a. and 367. 
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fomc cobalt was contained in them; but I fee no rcafon why 
the nickel, when alloyed with a little cobalt, fhmild (lie w no 
nugnctilm, if that property does really belong eflonU.tlly 
to it. 

The preatefl: number of my experiments am relative to the 
ptoperties of brafs; and they feem to prove, tlut tlfw com¬ 
pound metal, which is often magnetic, does not owe its* mag- 
netil'm to iron, but to fomc particular configuration of its com¬ 
ponent particles, occafioncd by the ul'ual method of hardening 
it, which is by hammering. 

In feme fpcciracns of brafs, and efpecially in that which has 
often palled from the work-fhop to the furnace, and from the 
litter to the former, there are fometimes pieces of iron fenlible 
not only to the magnet, or the chemical analvlis, but even to 
the light, which render the brafs ftrongly magnetic. But the 
hral's generally ufed in my experiments was fuclx as, when quite 
toft, it had no fenlible degree of magnetifm. 

Before we begin with the narration of thole experiments, it 
will be proper to deferibe the magnetic needle I generally ufed, 
which is fulpended in a particular manner; and which 1 may be 
uieful to perfons who arc fond of making magnetic experi¬ 
ments, not only for its feniibility, but likcwifl* for the fimpli- 
eity of its conftru&ion. 

Experience having Ihewn, that large magnetic needles are 
not proper for experiments wherein a very fmall degree of mag¬ 
netifm mufl: be afeertained, and the free motion of the ufunl 
fmall needles being proportionally more obftruflcd by the nature 
of their' fufpenfion, even when furnilhed with agate caps, I 
endeavoured to contrive a fort of fufpenfion which might an- 
fwer the purpofe better than the needles fufpended in the ufual 
manner; and, after feveral attempts,at lnftI conftru&ed a chain 

of 
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of horfe-hair, confifting of five or fix links, to which the 
needle was fufpcnded. Each link is about three-quarters of an 
inch in diameter; and the extremities of each piece of hair, 
which is formed in a ring, are joined by a knot, and fecured by 
a little fealing-Wcix. The link on one end of this chain is 
fufpcnded to a pin in a proper frame, or any fupport that may 
be at hand; and to the link of the other extremity which lies 
lowermoft, a piece of fine filver wire is hooked. This wire is 
about an inch and a half long, and its lower extremity is 
fattened round a fmali and cylindrical piece of coik, through 
which a common fewing needle, made magnetic, is thruft 
horizontally. Thus the magnetic needle is fufpended by a 
hair-chain, the links of which, on account of the fmoothnofs 
and liglittiefs of the hair, move very freely in each other, and 
allow the needle more than a whole revolution round its centre, 
with fo fmali a* degree of friftion as may be confidercd next to 
nothing. By comparing this needle with others of the bett 
fort in ufe, I find the former to be much more lenfible; for 
when bodies which have an exceedingly fmali magnetic power 
arc tried, this needle will be frequently attraded by them when 
the others are not fenfibly affeded. 

In order to try farther the delicacy of fuch fufpenfion, I 
placed a piece of looking-glafs under the needle, and nearly 
horizontal, fo that the image of the needle was feen in it. 
Now, as a fine line had been previoufly marked on the glafs, 
things were fo difpofed as that the image of the needle might 
coincide with the line marked on the glafs, the eye being placed 
In a proper point of view 5 afterwards, by ihaking the needle 
cither very gently or very quickly, I repeatedly‘J^ea- 
•voured to place it out of the magnetic rifcridiltnV -fjkr&ery 

Voh. VKX Vi. K endeavour 
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endeavour proved ineffe&ual, for the needle conftantly fettled 

in the fame direction, without any fenfible variation. 

With a needle thus fufpended a variation compafs might he 
very eafily conftru&ed, and it would perhaps bo more accurate 
than thole commonly in ufc. b or this purpoft the needle 
ought to be about three inches long, and the piece of looking- 
glafs ought to be fixed upon the index of an Hadley’s fextant, 
which muft be placed horizontally under the needle, with its 
edge or fiducial line in the meridian of the place, in order to 
obferve the daily variation of the needle. I have made only a 
rough model of fuch a variation compafs, and it feemed to 
anfwer very well. This conftru&ion appears to have the fol* 
lowing advantages over the common fort; i ft, the needle being 
cylindrical, and without a hole in the middle, would be left 
fubjedt to have more than two poles. 2 dly, The needle being 
flender, its poles would (land more exactly in its axis, which with 
the common flat needles is feldom the cafe. 3^^ ^ 
pear, by a little confideration, that in this conftruftion there is 
no need of the needle’s center of motion keeping always in the 
fame invariable point, which renders the conftrudHon both very 
eafy and very accurate: and, laftly, as the fextant may be 
placed at a confiderable diftancc below the needle, and the reft 
of the frame may be made of any fixe, there would be no ne- 
ceflity of placing any braft or other metal fo near the needle as 
might afteft it in cafe this metal had any magnetifm, which 
generally happens with braft. 

In order to examine the magnetifm of divers fubftances, be- 
iides the above d<?fcribed needle, I ufed to put a fraall magnetic 
needle upon water, and then bring the fubftance to be exa~ 
; .dsuned near it, or place the fubftance itfelf upon w&ter, 
1 ' Sometimes 
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fometlmes refting it upon pieces o*f cork, and then bring a 
powerful magnet near it. 

Examination of the Magnet teal Properties of Bra/s. 

A few years ago, being intent on making fome magnetic 
experiments, in which brafs wa* concerned, I ufed to examine 
firft whether the pieces of brafs had any magnetifm or not, and 
rejected thofe pieces which had an evident degree of that 
power. In the courfe of thofe experiments I remember to have 
obferved, that thofe pieces of brafs which had been hammered 
were generally magnetic, and much more fo than others; in 
confequence of which I made 110 ufe of hammered brafs in 
thofe experiments. But lately, having ordered a theodolite at 
a philofophical inftrumeut {hop, I particularly enjoined the 
workmen to try the brafs, both foft and hammered, before they 
worked it, and to make no ufe of that which had any mag? 
netifm. They found, that hammered brafs, even fuch as 
before the hammering had no magnetifm, could afterwards 
difturb the magnetic needle very fenfibly. Thefe obfervationa 
induced me to make the following experiments. 

EXPERIMENT I. 

An oblong piece of brafs, weighing fomewhat lefs than 
half an ounce, being examined by prefenting every part of its 
furface to the fufpended needle, Chewed no fign of magnetifm 
whatever. It was then hammered for about two minutes 5 the 
confequence of which was, that it became magnetic fo fiar as 
to attraft either end of the needle from about a qu*£tetf’ef an 
jbeh. This fame piece of Brafs being now put into Holm fo as 

K % to 
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to become red-hot, by which moans it was foftened, anti when 
cold U itig p relented to the fufpended needle, its magnetifm 
was found to be tntiidy gone. I lanmicrhig made it again mag¬ 
netic. Sot toning ty fin* took, the magnet i tin away n tleoml 
time; and thu- the m.igtutifm was repeatedly given it by 
hammering, and w.w ikllroyed hy loitening; lometnrus fluw* 
ing to have aoquind a UnliUle degree of that power, evtn 
after two or three ftrokes of the hammer. 


fc \ V E R I M It N T II. 

The refult of the firft experiment would naturally induce 
one to fufpett, that the hammer and anvil might have im¬ 
parted fome fmall quantity of fteel to the brafs, which ren¬ 
dered it magnetic; and that this magnetifm was■ deftroyed 
in foftening the brafs, inl'omuch as the fire calcined the fmall 
quantity of fleel that had adhered to it. In coulequence of 
which confidcration, I took other pieces of brafs belidcs that 
ufed before, and hammered them between card-paper, chang¬ 
ing the pieces of paper as often as was ncceflary, fince they 
•were eafily broken by the hammer; but the pieces' of brais 
became conftazitly magnetic by the hammering, and their mag* 
netifm was deftroyed by fire. 

In this experiment I generally gave to the brafs not aboyo 
thirty ftrokes with the hammer. 

EXPERIMENT III. 

Still fufpe&mg that the hammer and the anvil might have 
imported fome fmall quantity of iron to the brafs, bccaufe the 
pieces of card*paper fometimes were broken by the firft or 

fecond 
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fecond ftroke, in which cafe either the hammes or the anvil 
touched the brafs; I hardened a piece of biafs by biatlng ir 
between two large flints, viz . ufmg one for the hammer, and 
the other for the anvil. The piece of brafs became magnetic, 
though in this cafe it feemed to have acquired not lo much 
power as when it had been hardened with the hamniei; but 
it mu ft be obferved, that the flints being tough and irregulai, 
the piece of brafs could not be hardened by them fo eafily, or 
fo equally, as by the other method. 

The flints, being examined both before and after the experi¬ 
ment, were found to have not the leaft degree of magnetifm. 


EXPERIMENT IV. 




A piece of brafs, which by hammering had been rendered 
fo ftrongly magnetic as to attract either pole of the needle from 
about a quarter of an inch, was put into a crucible, together 
with a confiderable quantity of charcoal duft, which furrounded 
it every where. The crucible was covered with clay, and 
being put into the fire, was kept red-hot for about ten minutes. 
After cooliug, the piece of brafs was taken out of the crucible, 
and being examined, was found to have entirely loft its mag¬ 
netifm. The obje& of this experiment was to afeertain whe¬ 
ther the lols of magnetifm, in .1 piece of brafs that was 
foftened, was owing to the calcination of the fcrrugiucous par¬ 
ticles, which, notwithstanding the puceding experiments, 
might ftill be fufpe&cd to be imparted to it; becaufe in this 
way of foftening the brafs, the ferrugineous particles being 
furroupufed with charcoal duft, could not have been cajcm# t 
hence the brafs ought not to have loft its magnet##,, ,jWbich 
was not the refal* of tfeq experiment* , -?v ' •>» 

♦ R X F K* 
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experiment v. 

One of thofe pieces of brafs which had been ufed for the 
foregoing experiments, and which had been deprived of mag- 
lietifm by fire, was hammered between two large and pretty 
thick pieces of copper, which were not in the leaft magnetic ; 
and, after a few ftrokes of the hammer, it became fcnfibly 
magnetic. 


experiment vi. 

* In order to examine the difference of this property in brafs of 
various kinds, I have tried a great many pieces of Englifh as 
well as foreign brafs; fome of which was very old, and fo 
fine and uniform, that an eminent watch-maker of my ac¬ 
quaintance ufed it for the very beft fort of watch work. But 
I find, that they moftly have the property of becoming mag¬ 
netic by hammering, and of lofing that power when foftened. 
There are, however, fome pieces which acquire no maguetifm 
fey the hammering, though they are rendered equally hard by 
it as thofe which acquire the magnetifm. By attentively exa¬ 
mining them, I have not yet been able to diftinguifh, without a 
trial, which pieces are capable of acquiring magnetifm, and 
which not; the colour, apparent texture, and degree of dufti- 
lity feemiug to afford no fure indication. In fhort, what I have 
obferved relating to the magnetic properties of brafs is: 

i ft, That raoft brafs becomes magnetic by hammering, and 
lofes the magnetifm by annealing or foftening in the fire. 

' adly, That the acquired magnetifm is not owing to paroles 
of iron or fteel imparted to the brafs by the tools employed. 

3®y. 
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3 < 31 y, Thofe pieces of brafs which have that property, retain 
it without any diminution after a great number of repeated 
trials, viz. after having been repeatedly hardened and foftened. 
But I have not found any means to give that property to fuch 
brafs as had it not naturally. 

4thly, A large piece of brafs has generally a magnetic power 
fomewhat ftronger than a fmaller piece; and the flat furface of 
the piece draws the neeedle more forcibly than the edge or 
corner of it. 

5thly, If only one end of a large piece of brafs be ham¬ 
mered, then that end alone will difturb the magnetic needle, 
and not the reft. 

6 thly, The magnetic power which brafs acquires by ham¬ 
mering has a certain limit, beyond which it cannot be increafed 
by farther hammering. This limit is various in pieces of brafs 
of different thicknefs, and likewife of different quality. 

7thly, Though there are fome pieces of brafs which have 
not the property of being rendered magnetic by hammering; 
yet all the pieces of magnetic brafs, that I have tried, lofe their 
magnetifm by being made red-hot, excepting indeed when fome 
piece of iron is concealed in them, which fometimes occurs 
but in this cafe, the piece of brafs, after having been made red-hot 
and cooled,,will attrad the needle more forcibly with one part 
of its furface than with the reft of it; and hence,* by turning 
the piece of brafs about, and prefenting every part of it fuc- 
ceflively to the fufpended magnetic needle, one may eafily 
difeover in what part of it the iron is lodged. 

From thofe observations it follows, that when brafs is to be 
ufed for the conftrudion of inftruments wherein a magnetic 
needle is concerned, as dipping needles, variation qpjppa&es, 

to the brafs tortd be either lefo^ite foft & W uia be 
, > chofem 
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cbofv.ii of fuch a fort as will not be made magnetic by hammer¬ 
ing, which fort however docs not occur very ealily. 

Examination of the Magnetic Proper tics of fame other Metallic 

Stibjlances. 

The refute of the experiments on brafs induced me to cxa-> 
mine other metallic fubftanccs, and especially its components, 
viz. copper and zinc: though the refult of the experiments ha«l 
not been very remarkable, excepting with platina, which metal 
has properties in great menfure analogous to thofe of brafs. 

Having examined various pieces of copper, by means of the 
fufpended magnetic needle, and having never found them mag¬ 
netical, except only fometimes in fuch places which had been 
filed, and where fomc particles of ftcel might have been left 
by the file, I next proceeded to hammer fomc pieces of it, not 
only in the ufual way, but likewife between flints; the refult, 
however, was very dubious; for though, in general, they had 
no effe& whatever on the needle, yet fometimes I thought the 
‘needle was really attracted by fome pieces of hammered copper; 
W then, this attra&ivc power was fo exceedingly fmall as not 
to be depended upon. 

Zinc, either not hammered, or hammered as far as could be 
done without breaking it, Shewed no ligns of maguctifm what¬ 
ever, when 1 prefented to the magnetic needle. A mixture of 
arificrand tin neither had any aftion upon tiie needle. 

A piece of a broken rcflc&or of a telcfcope, which confided 
of tin si mixture of tin, zinc, and a little copper; 

a piece 'of fllrer/ftotfe’foft’ and hammered;‘a piece of puis 
'gold, both foft arid 'hammered; a mixture of gold and fiffrir, 
hUh/hard and foft; and another mixture of a great-'deal of 
* * i '* filvcr, 
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fiivcr, a little copper, and a Ids quantity of gold, either be¬ 
fore or after hammering, had not the lead a&ion ou the mag¬ 
netic needle. 

Platina was the metal I laft examined, and the experiments 
made with it feem to deferve particular attention. 


EXPERIMENT I. 

A large piece of platina, which, after being precipitated from its 
folution in aqua regia , had been fufed, or rather concreted toge¬ 
ther, being prefented to the fufpended magnetic needle, {hewed 
not the leaft fign of magnetifm. It was then hammered; but 
after the third or fourth ftroke of the hammer it broke into 
many pieces, feveral of which being tried, {hewed no magnetifm, 
nor could any of the fineft particles be attra&ed by the magnet 
prefented very nearly over them. The broken furface of this 
piece of platina was full of cavities, fome of which were large, 
and others juft difcemible; and altogether the metal feemed to 
have undergone an impeded fufion. 

EXPERIMENT II* 

The grains of native platina were examined next, by put¬ 
ting a magnet juft over them; but the magnet attracted not 
above ten or twenty particles out of about half an ounce of 
platina: and thofe which were attra&ed had either little or no 
Aiming metallic appearance like the reft, and were exceedingly 
ftnall. 


. EXPERIMENT III. 

Having picked out feveral of the largeft, gr$J8 
thii, I prefented the magnet m,th«9U to# 
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in the lcaft attrafted by it. One of thofe grains was then 
hammered j by which means, after about eight or ten ftrokes, 
it was jfpread into a plate, about a tenth of an inch in diameter, 
and nearly circular; afterwards the magnet being presented to 
it, the former attra&ed it from the diflance of about one-twen¬ 
tieth of an inch. The other grabs being all hammered one 
after the other, were rendered by it fo far magnetic as to be 
attracted by the magnet, and to difturb the fufpendod needle 
when they were prefented to it. But there were fome amongft 
them which acquired no magnetifm at all, though they had 
been purpofely hammered much longer than the others. 

As far as X could obferve, thofe pieces which would not ac¬ 
quire any magnetifm by hammering, had not a very finning 
appearance before the hammering, though afterwards they 
could not be diftinguifhed from the others by their appearance; 
and they feemed not to fpread under the hammer fo cafily as the 
others. 

In general three or four ftrokes are fufRcient to render a grain 
of platina evidently magnetic, but about ten ftrokes give it the 
full power it is fufceptible of. 

EXPERIMENT IV. 

Thofe grains of platina, which in the preceding experiments 
had been rendered magnetic by hammering, being put upon a 
charcoal, were made red-hot by means of a blow-pipe; and 
afterwards being prefented to the magnet, and likewise to the 
fufpended needle, they {hewed not the lcaft fign of magnetifm. 
Heat, therefore, deprives them as well as brafs bf the mag¬ 
netifm acquired by hammering. A fecond hammering^a- 
l&ftd them magnetic, though not fo quickly, nor to fo gr ett A 
3 ■ degree, 
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degree, as it had done the fir ft time. However, it muft be ob- 
ferved, that the pieces of platina having been rendered flat and 
thin by the firft hammering, could not be fo eafily ftruck, nor 
fpread much more, by the fecond. 

If it is true, as thofe experiments feem to prove beyond a 
doubt, that magnetifm may exift, or may belong to other 
fubftances, independent of iron, it muft follow, that the 
attraction of a few particles of an unknown fubftance by the 
magnet is not a fure fign of the prefence of iron. Hence thofe 
fubftances, which hitherto have been confidered as containing 
ferrugineous particles, for no other reafon but becaufc the mag¬ 
net attracted a fmall quantity of them, muft be confidered as 
dubious; and the conclufion of the exiftence of iron fhould not be 
admitted, except when thofe particles, which have been fepa- 
rated by the magnet, appear to be iron by fome other trial; 
for though it is true, that iron is always attracted by tbe mag¬ 
net, yet it does not hence follow, that whatever is attracted by 
the magnet muft be iron. 


POSTSCRIPT. 

THE exiftence of magnetifm, or of the power of attracting 
and being attracted by the magnetic needle, in bodies, without 
the interference of iron or any ferrugineous matter, being a 
propofition not only new and lingular, but fccmingly of im¬ 
portance in phiiofophy, the experiments which teud to confirm 
it Ihould be never deemed fuperfluous, nor any poffible objeCkibh 
be left unanfwered; hence, fiiice the writing of the *$re- 
coing paper, I have endeavoured to raife objections’, tt?d'#’bon- 
* b r r L a - trive 
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trive means of explaining them; but every confideration’fecmed 
to confirm the propofition advanced. The principal of thole oh- 
jeaions was, that the brafs which becomes magnetic by ham¬ 
mering and lofes that power by fattening, might contain a 
fmall quantity of iron, to which that magnetic power was 
owing; and that this iron or martial earth, diiperfed through 
the fubftmee of the brafs, might become phlogiflioattd by the 
adtion of hammering; infomuch as the biais being forced 
into a fmaller fpace might perhaps give feme of its phlogifton 
to the martial earth, and thus render it magnetic; and, on the 
contrary, the adiou of the fire in foftening might lcmove that 
phlogifton from the martial earth, and give it to the brafs* 
hence the former, remaining quite dephlogifticated, would no 
longer fhew any figns of magnetifm. The coufideration that 
iron may be dephlogifticated or calcined more eafily than brafs 
gave an apparent weight to the fuppofition j but the following 
experiments feem to expel every doubt. 


experiment i. 

Having chofen a piece of brafs which would acquire no 
magnetifm by hammering, I placed it upon the anvil, together 
with a confiderable quantity of crocus mart!s t which crocus had 
no adion on the magnetic needle; then began hammering the 
brafs, and turning it frequently, in order to let part of the 
crocus adhere to it; and, in fa£t, the efbeus had in feveral 
place® been fattened fo well into the brafs, that hard wiping with 
a woollen cloth would not rub it off. The brafs appeared red in 
jthofe places; but, after having been hammered for a long tim* 
4 * acquired no magnetifm whatever# The hardening, thjpre- 
V 4 fore, 
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fore, could not render the iron calx fo far phlogifticated as to 
affeCt the magnetic needle. 

. EXPERIMENT' II. 

In order to diverfify the preceding experiment, I drilled a 
hole, about one-eighth of an inch long, and little more than 
onc-fifticth of an inch in diameter, into a piece of brafs that 
was not rendered magnetic by hammering, and filled it with 
crocus marth ; then I hammered the piece of brafs, thus in- 
clofing the calx of iron, and afterwards prefented it to the 
needle; but there was not the lead: fign of attraction: the 
martial earth, therefore, had not acquired any phlogifton from 
the brafs by the a&ion of hammering. 

EXPERIMENT lit, 

* 

The piece of brafs mentioned in the preceding experiment, vk, 
with a little calx of iron in it, was put into the fire, and was made 
quite red-hot, in which ftate it remained for about three mi- 
*iutes. Then, after copling, it was prefented to the magnetic 
needle, and this was attracted by the brafs only in that place 
wherein the calx of iron was contained. The nClion, there¬ 
fore, of the fire had rendered the martial earth fo far phlogifti- 
cated as to attraCt the magnetic needle; hence, if the mag- 
lietifm of brafs was owing to any ferrugineous matter contained 
in it, a piece of brafs ought to become magnetic when foftened, 
which, is contrary to the experiments mentioned in this 
paper. 


bxpe- 
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experiment iv. 

A hole, fimilar to that mentioned in the fecond experiment, 
was drilled into a piece of brafs that would not become mag¬ 
netic by hammering, and into it was put Ionic black calx ol 
iron, which was fo far phlogifticated as to be attractable by the 
magnet, and the hole was clofed by a few flrokes oi the ham¬ 
mer. In confequence of which the piece of brafs, when pre¬ 
sented to the fufpended magnetic needle, would attrad it only 
about that place where the magnetic calx was contained. This 
attradiou was very weak. Then the piece of brafs, thus pre¬ 
pared, was put into the fire, and was kept for about fix minutes, 
in a heat very little lhorc of that necelfary to melt brafs, and 
after cooling I prefented it to the needle, expeding that the 
fire might have dephlogUlicatcd that calx of iron fo far as not 
to let it ad any longer upon the needle *, but the attradion 
appeared to be of the fame degree it was before the heating. 

It feems, therefore, to be demonftrated, as far as the fub- 
jed will admit of demonstration, that the magnetlfm acquired 
by brafs, when hammered, is not owing to iron contained in 
it; and, confcquently, that magnetifm, or the power of bang 
attracted by, and attracting) the magnet, may exjft independent of 
iron. 


TO 
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TO DR. BLAGDEN, SEC. R. S, 


sir, Windfor, January 9, 1786. 

I HAVE made the experiment which you recommended 
me to try, relating to the magnetifm of brafs; viz. I mixed, 
by means of the blow-pipe, a fmall quantity of iron, with 
about four times its weight of fuch brafs as would not become 
magnetic by hammering. The whole globule weighed about 
two grains, and it attracted the magnetic needle very power¬ 
fully. I then melted this globule of brafs and iron with about 
fifty grains of the fame fort of brafs as had been ufed before. 
After cooling, the whole lump of brafs appeared to have very 
little power upon the magnetic needle, every part of its furface 
attra&ing one end of the fufpended needle, fo as to let it juft 
adhere to it when the air was not at all difturbed. But this 
weak and hardly perceivable degree of magnetifm was not in- 
creafed by hammering, nor annihilated by foftening. 

In the com fc of my experiments on the magnetifm of brafs, 
I have twice obferved the following remarkable circumftance* 
A piece of brafs, which had the property of becoming mag¬ 
netic by hammering, and of lofrng the magnetifm by foftening, 
having been left in the fire till it was partially melted, I found, 
upon trial, that it had loft the property of becoming magnetic 
by hammering; but having been afterwards fairly melted in a 
crucible, it thereby acquired the property it had originally, 
viz. that of becoming magnetic by hammering. 

I have 
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I have likewife often obfcrvcd, that a long continuance in a 
fire fo ftrong as to be little Abort of melting hot, generally dirni- 
nifhes, and fometimes quite deftroys, the property of becoming 
magnetic in hrafs. At the lame time, the texture of the metal 
is confidently altered, becoming what lomc workmen call 
rotten . From this it appears, that the property of becoming 
magnetic in brafs by hammering, is rather owing to fume 
particular configuration of its parts, than to the admixture of 
any iron; which is confirmed Hill farther by obferving, that 
Dutch plate-brafs (which is made not by melting the copper, 
but by keeping it in a ftrong degree of heat whilft furrouudod 
by lapis calaminaris) alfo poffefles that property; at Icail all 
the pieces of it, which I have tried, have that property, 

lam, &c* 


T. CAVALLO. 
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IV. On Infinite Series. By Edward Waring, M. D. F. R. S. 
Lucafian Profeffor of Mathematics at Cambridge. 


Read December 15, 1785. 


1. T N the Paper, which the Royal Society did me the honour 
JL to print, on Summation of Scries, is given a method of 

finding the fum of a furies, whole general term (where 

P is a fraction reduced to its loweft terms) is a determinate al- 

gebraical fun&ion of the quantity (2) the diftance from thefirft 
term of the feries, which always terminates when the fum of 
the feries can be exprelfed in finite terms. 

2. The terms of every infinite feries muft neccffarily be 
given by a fundion of 2, or by quantities which can be re¬ 
duced to a function of 2. 

3. 1 -et Q * A x A' x A /4 X ..A / *xRxB / xB'*x ...B'"xC 
C X C'* X .. C /r x &c. where A', A'\ A' 1 ... A'\ are fuc- 
cuflivc values of A; that is, relult from A by writing in it for 
% refpedtively » +1, * + 2,2 + 3, * • 5 an< ^ ^ ‘ *» ’ ,f 

B’",. refult from B, by writing in it for 2 refpedively « + r, 
24-2,2 + 3, but B is not a fucceflivc value of A; &c. 

Let the numerator P « E. E / . E /l .. E**” 1 * F . F'. F'*.». F* • * rI 
xL; Wt E” * * E 1 b ~ l iF', F<1„F'*~ f , &c. denotiog foc- 
ceflive values of the quantities E, F, &?• r£fp$£ri v ®ly 5 
admitting of no divifor of the formula K x Kf, wjiesftJ^ is& fnc- 
Vol. LXXVI. M cdfwe 
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coffive value of K.: let ] . = A x B x ( x &c. x E tA x F '* x Ac. 
y f>< x q' x / x Ac. ~ A'* x B ,w x O' x Ac. x E x F x Ac. xfx 
ry / r x Ac. where p\q\r' t &c. arc irrational quantities and 
fucceffivc values of />, 7, Ac. I he labors A 1 >, C , Ac. F 1 *, 
F 1 *, Ac. being given, the favors p , rj\ Ac. into which they 
arc multiplied in the quantity I; will talilv he deduct d by do 
dueling the preceding irrational factors contained in A, B, C ^ 
Ac. E ,A , F^, Ac. from the correfpondent irutioiul factors con¬ 
tained in L; and in the fame manner, from the labors A’% 
B>*, &c. E, F, &c. can be deduced the irrational faclors of the 
preceding^, 7, r , Ac. 

Aflumc for the fum of the furies fought the quantity 

Ex F/XF.” . . P.*'' 1 "'xFx F'. . x See. 

ATFT A M . . A 1 ’*” 1 xB x D' XB‘' 1 . . B im ~*xCx(/ . . C* * r ~ , X Ac. 


oi/xprxjx&c. («a w ' + ^"“* l + + Ac.) = V; where 

m' is a whole number, and «, jS, 7, Ac. arc coefficients to bo 
invedigated; write in V for z its fucceffivo value z+ 1, and 
let the rcfult beW ; reduce the difference W - V into a fraction 
in its lowed: terms, and make the co-efficients of the correfpon¬ 
dent terms of the refulting fra&ion = (W - V) and of the given 
fraction equal to each other, if poffible; and thence may be 
deduced the fum of the feries required. 

4, This feries will terminate if the fum fought can be exprefled 
!>y a finite determinate function of *; if not, it will proceed 
m infinitum , and may be expreffed either by a feries afeending or 
defeending according to the dimensions of z. 

5. If any factor, A or B, or C, Ac. have no fncceffivc one in 
the denominator; or if the greated dimenfions of z in the de¬ 
nominator be greater than its greated dimenfions in the nume¬ 
rator by 1, then the fum of the feries is not a finite algebraical 
fiin&ion of z. 


6 , If 
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6. If in the denominator are deficient fome intermediate 
fucccflive factors, multiply both the numerator and denomina¬ 
tor by thofc deficient facloi s, and they arc fupplied: for e\atn- 
ple, let A x Ax A""' x dec. he fadors of the denominator, 
in which a?e deficient the fadors A', A'', A' w , &c. multiply 
both numerator and denominator by the content A' x A" x 
A^x&c. and they aie rellored. 

y. If in the denominator is eont-iincd the content 

A'x A /l xA //l ‘ . . A" b/ " = H, in which a is the lead of the in¬ 
dices /, /', l", &c : affume A' x A /X x A' x .. . A"*" x» = H r 
and in the lame manner leducc the factors in then afiume 

for the denominator A x x A‘'* x A" x .. • A'"- 1 * x &c.: for exam¬ 
ple, let the contents he A ! x A /s x A" 1 X X &c. = H, then is 
2 the lead index, and confequently the content reduced as be¬ 
fore taught will be A’ . A /J . A //} . A"'" A z . A /z -A "* * 
A'"* xA. A'. A X A" 1 . A ///s ; but between the fadors A' 
and A //V is deficient the fador A "; and between the fadors 
A' 1 and A //n is deficient the fador A' n ; multiply the numera¬ 
tor and denominator of the given fradion by the deficient 
fadors A" x A //l ; affume for the denominator A 1 . A n . A 
X A . A / . A" x A '*. A //l X &c. = A’. A /s . A" s X &c. &c. 

8. If the greated index of the content II is contained in one 
fador only, then the fum of the ferics cannot be expreffed in 
finite terms of the quantity a. 

9. The fame may be applied to the contents of the feveral fuc- 
ceffivc values of the quantities B, C, &c. in the denominator • 

for example, let the general term be 

ply it ipto z — 1 to compleat the deficient term, and ft^|fclu!lts 

M * * 
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... .yi—affume, by the preceding method for the fum of 
the fcries the quantity-7-of which the fucceffive 

* * I . i j * . 2— I 

term is i.a.V. I’ and their difFerence •~TTITr 8 

=a-ri-the given term. 

1 , 2 .. %—2 X # 0 

2. Let the term be Ne*and e lefs than t, which is the term 
of a geometrical feries; then will the fum of the infinite fcries 

be x e z t beginning from the term whofe difiance from the 

firft is z ; for the difference between the two fucceffive fums = 

2L (e* — e*+ J ) = N** the given term. 

3. Let'the general term be X * a+I » affume 

for the fum of the feries the fubfequent quantity (2+ 1 . z + 2 . 
2+3 . . z+ny'xe^x (*+jS* + >2 1 . . a”- 1 ) and by the 
preceding method the co-efficients os, ( 2 , y, &c. may be found: 

the fum is known to be =: X e* +I + X x e * +i 

,. JL.**+» which can eafily be reduced to the preceding 

z+n 

formula. 

If the general term be or; where T and T% 

p and P', Qand Q^, are fucceffive terms; then will the fums 

of the feriefes be ■— or ~ properly correded. 

10. If the fundion expreffing the general term contain in the 
denominator a fador or fadors, which have no fucceffive one $ 
reduce the fador or fadors into an infinite feries proceeding 
according to the dimenfUns of z, and thence, by the method 
before given, find the fum of the feries. The fame method 
4 may 
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may be purfued, when the denominator of a fluxion, which is 
a fun&ioti of x multiplied into x contains the Ample power 
only of a factor or fa&ors; reduce the factor or factors into an 
infinite feries, proceeding according to the dimenfions of x , and 
by the known methods find the fluent of the fluxion. 

11. The fluent of the fluxion or fum of the feries may be de~ 
duced alfo from the fubfequent propofitions, from which may 
be invefligated many fcriefes, vvhofe fums are known. 

1. Let/>P = Qq, ^Q = Rr, rR = Sr, jS = T/, & c .; theii/P/>=s 

j>p 4-Rr - Sr + T/ - &c. if only the feries converges. 

2 . Let /P'+ZP'rrQy, qQ'+ q'Qf + =Rr', rR' + r'R'- 
S/, jS / + /S / =T/, & c . where PQ.', q\ &c. denote the 
increments of the quantities P, p, Q, q, &c. refpedively, then 
will the integral of the increment (P/> / ) = I*p - Qq + Kr - Ss + 
&c. if only the feries converges. 


Ex. 1. Ar»# = fjLL^JL r-l. + ”^A+ n -±^B+” 7 


C4-^±i-D+&c.)==i—; whence—: 


0+1 


n+s f 

+ 1 

n+m ^ % 

r' + x m + t 


!L til x n -^ X —— b &c. In this example p = x m x, P = x~ n ~” t 

s' + l r'+i miri 


q=x r 'x 9 Q = x-”~’', r — x\x, &c. 
Ex. 2. 

* J l + r ^ 


x -^4 

\m+% m+ 


+ i’'m+2 m+i 
1 


m—n—i +1 
»4-r n + r+ 1 
m + H * ?«+3 


+ &c.); whence 


i. n+r A 4- ” +r+ I B + &c. In both thefe exam- 
m+i m+z ffi+3 


pies the letters A, B, C, &c, denote the preceding terms 




a , x m+i 


S6 

EX.4./I 

J (a 

X ( 
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t m » 

a x x 


ax 






(a+bS + e^j^m+i (a+bx' + cx*")" ' ;»+I . (a + b* tt + cx z ") 
nhbx”- 1 , mhcx' in ~'^ +&c> 


2/K 6-}'* 


^ + »+i 4 - 2/2 -H 1 

13. Let the general term of an infinite feries be 

A 

+* . a+«+i . »+<*■ +2 ..z + * + nXz + @.z+P+l .z + 0+a. . 2+£+ 


m x a+y • z + y+l . z+y+2 . . z+y+r XZ + & . z+H" * . 2 + J+a . . 

— - --—; where «— (2, cc — y, /3 — y, &c. are not whole 

numbers; the fum of the feries can always be expreffed 
in finite terms; if the fum of the fractions -— —- X 

A • 4 *r X » * «* 


£ — a * # 0 — a + 2 . • . y—t . y-* * +2 * • . y~~*+ r 


X a- « a + I # i —»+ 2 * • —a.-fi'X & c * IXI • 2 * 3 * 

_I______ , 

g-a-l. /S — « ,/S — I .0— I Xy—a— I * y—<* .y~~#+i 

. ___ _ _,_,_ + 

. . y — a+r - I X J — « — I • ^ — fit . ^ — a + I • • ^— * * 4 ~ * — 1 x & c * 

1 _ x . .. 1 - 

x . £X* *2*3** tf — 2 ^ — a —2 .8 — n-l • j3~* * 0-<*+I * * (2-afr + WXy-« 

— SI , y-«—X«y-«* . . • y-afc 4*« ~ 2 X £—**—2 # 4 5*—» * * »“~2 X &C* 

£ ... v;_ 2 - 

■*- 1 , 2 . 3 x 1 * 2 *. n — 3 ^— 3 , *~2 * <* + «— 3 X 7 ^ a— 3 *y~~ 

— .nr...... .. ■ - " ■■ — ««|"< # n, **«w*. . . Xk 

a —2 . * y —3 X ^—*—3 , >—«*— 2 • * ^-a + X-3^ C * * * * * 3 * • ** 


X _ 

4 1 . .£-*—«+*»xy—«-». y~# ~*+I 77 y~*~iHhrX 

t, ^ x 

. --- Q» . .... mm ^ X ■■.... 

j 1 s+sx&c.” ’ 1. 2.3..#* 

l . «~)S+2 . . «-|S+mXy-^ . y-/S+i . . i-tf+X 

.I_^ l t _ 

;»*-0+2..l-iS+ix&c.’1x1.2.3.. w~i x <*—0-x 

• X 
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_1_ 

IXy-?-TTy^/TTy— 0+r— ^—S + j—lX 

_L__ x —_i__ 

I . aXI.2.3*. W~2 . a — 8 —l .a-0 .**~ 0+72 — 2Xy-^2 

I 


. y-3— 1 , . 0 + r~2 X£-£~2 . —j3— * . . o-^-j.^2 X &c. 

r ._ _L_ x*— ---—_ _ 

I *2 • 3 X I • 2. 3 .. /W~3 * — 0 — 3 X<« — 0—2 X*-0 — I . . * — g + » — 3 Xy- 

I 
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falling be multiplied together, and their refpe&ive contents be 

called p %+ \ p' >+ S * • p n+n 5 then, if the fum of the feries 

can be found, will^+^+^~+^ 3 • • • 

In the fame manner fubtradt / 3 +i> # + 2, .. /3 + w re- 
fpedively from all the remaining quantities, and multiply 
their refpedtive remainders iuto each other, and call their con¬ 
tents refpeaively /, /+% . • /+", then will 1+^ 4 ' 

— • * TI- =°* 

^0+2 JP+»* 

Subtract y* y+i> y+2, ♦•y + f' rcfpe£llvely from all the 
remaining quantities, and multiply their refpedtive remainders 
into each other, and call their contents refpedively pt, pi+\ 

?* % > • • P y+ "> then wiU fy + ^h + ph * * FTr** 0 ' 

Subtract 5 , i+ r, J+ 2, . . $+s from all the remaining quan¬ 
tities, and multiply their refpeftive remainders into each other, 
and call their contents refpeaively p\ f+\ f+‘ l then 

w ill JL j— l—u —— 4 - -i— = o; and fo on; and, vice verfd , 
/*** **+' 

if the fum of the above-mentioned fractions be refpedtivcly=©; 
then the fum of the feries, whofe general term is the given 
one, can be found; otherwife not. 

13. If the fum of the feries, whofe general term is 

1 

»+# ,.. %+*+ »'x*+/ 3 .z+0+1 • .z+&+mxz+y’ *+y+i •« 

-— ----r-;— -7j, can be found in finite 

terms i then the fum of a feries, whofe general term is 
(where / denotes an affirmative number) 


asS+izi-'+m^+tn. 


u 


can be alfo expreffed in finite terms. 


14. Let 
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jt 4 ,LetAxas-{-j 3 . z + y . z-f <Jxz+sX&c.4-Bxz + aXz+-? • 
*+$.* + •. &c. +CxH« • z+fixz-t -$. z + s. &c.+Dx 

x + *. z+ 0 . x + y X * + * • &c, 4 -Ex 2 + «. 2 +/ 3 .s+ 7 . 2 +J 
X&c.= x, whatever may be the value of z; then will 

A 1 T)_ 1 Q — 1 _ 

" p-a.y-« .&C.’ &c. > 

. iS-». r—».'&cT* ^ C * 

15 . Let the g, neral term of a feries be h- X e 55 , where f is lefs 

than 1 5 the fum of the feries can be expreffed in finite 

1 i 

~~ ~t 

terms- when the above-mentioned quantities-h+-4— + -4- 
7 £»+$ 


^*+3 "^«+» w * p@‘ r t>@+ x ^~p @+2 ^p&+3 ' pP-f* 


1 * _ . g . 

a O JL t * O * -hfiJLm ^ 


1 * * 
py^pv H "\py +4 


1 111 

f t e ? ^ 


_-L- as C>, &c. = 0. This never happens unlefs e * 1. 

16. If the general term be any rational function of 2 into the 

. , _ . «z* +iz~‘ x +&& a -f&c» 

exponential <?*, was. -- ----r“- 

x a ^ # 4* A XJa + a “*h^ x &c. x £ + £ x 

T^r- - ' 1 ; ■■■*' " T .y .. -- X f**K) 

x z+W+I > X&c.Xz + /xa+7+A" X*+v+*" X&c, 

Vhere K *>', *>", &c. *, *"> &c. /, «, < &c. «, < *4 

n& c . r? /, ^ &c. &c. denote whole numbers, and neidfer 

Vol.lxxvl & ^ 
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« -/3, nor « -y, nor /3- y, &c. are whole numbers: let m be 
the greateft of the indices m, m\ tn", &c.; n the greateft ©f 
the indices n, n', n", &c.; r the greateft of the indices r, r\ r'\ 
&c.; then, from the fums of the feriefes given, whofe general 


terms are 


+ * (Z + ») 


e e 

(Z % -j- CL 


*' JL-, —i—,_— , &c. can 

(z+^) n (z+&) r ~ l * +iS (z+y) r (js-B )' -1 %+7 

be deduced the fum of the above feries, whofe general term is 


given above; multiply each of thefe terms into unknown co¬ 
efficients c',f, g, b, &c.; then reduce them to a common deno¬ 
minator, which is the fame as the denominator of the given 
general term, and add them together, and make the correfpon- 
dent terms, of the fum refulting equal to the correfpondent 


terms of the numerator az ! +to u ~ l + cz 1 - 1 +.&c. of the given 


general term; and from the equations refulting can be deduced 
the co-efficients /,/, g, h, &c. and thence from the given fums 


the fum of the feries required. 


Approximations to the fums-of the feriefes may be deduced 
from the methods given in the Meiltatmes Analytica. The fu m 
of fome few cafes have been given from, the periphery of the 


circle; for example, when « and m are whole numbers, and 
<?=i; or i more particularly, when mx:2 and #»§, and 
fome other particular cafes, which may be with nearly the 
fame facility calculated from approximations;' die cafes given 
indeed are fp few, nulefs when e~i, that they can very rarely 


be applied; * , • 

17. If the dimeufions-of 2 in the numerator be equal ofgreater 
than its dimenfions in the denominator; that is, / be equal or 
greater than mi-.m' + tn ,f + +r 4 */^+ r", 
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‘4- &c. &c. reduce the fractions to a mixed number, fo that the 
dimenfions of s in the numerator of the fraction be lefs than 
its dimenfions in the denominator, and the integral part be 
B**»+C*V* + D 3 V*+ . • . the fumof the infinite 

feries whofe term is Ae a 4 - Bsf" + QtZ'e” -f Dz-h' 33 + BzV 3 -{- . .. 

+»f-ie +b(<tA--A)+°(^-(A)*) +d ' 

thefum 


• \ J ^ O 

of a feries (whofe general term is z m c*) = 


m 


»+* 


J S M ~ I 


(i-O’ 


I o 


. 7W- ir + 


Ig?»—J ^ Tgjtf—2 » ^ 


m —I 


X 1 . 2 . 3 . tn ~^' e 


, . . +—L.__x I • 2 • 3 • * 1 • •. = ! =-^~, where Lis 

equal to the fum of all quantities of the following fort, 
‘S"- 1 X X yS” - X -*-1-1 x 'S*" * ^ 1 5 1 X &c. 

where «, /3, 7, J, &c. are whole affirmative numbers; (in the 
preceding notation by *S‘ is defigned the fum of the contents 
of every vr of the following numbers 1, 2, 3, 4, 5, ... f); 
and a+B + y- f<?+e + &c. = h + 1; the above-mentioned pro- 
du£t “S'*” 1 X £•§»—«■—■ 1 x &c. is to be taken affirmative or nega¬ 
tive, according as the number of letters «, jS, 7, S, &c. is even 
or uneven. 

The fum of the feries z m xe* may alfo be found by affirming 
for it (<iz m + bz m ~ l + cz H - % + dz m ~i . . . k)e* ■, then, finding its 

_ m _ —w—I * - m—-z . 

fucceffive term (tf X * + i e + i e + cz+i * + &c.) 
and taking the difference between if and the affumed quan¬ 
tity, there refults (axe — 1 % m + enae+be — 1 s""” 1 4 -&c.) e *, 
by equating it to the given term ssV are deduced the&b- 
fequent equations axe - i"i-> maei-be- i—o t &c. Whence 

‘N 2 a:=z 
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b~ — -ma, &c. 

(f— I ^ 

If e ~ i, then affume ^ 2 “+ I .+ ^+&c. for the fum/ought* 
■which rule was firft taught by M. J. Bernoulli. 

If the term be % m f* ; for/ 4 fubftitute e 9 and there refults 
55* e* the fame as before. 

18. Let P = A + Bx” + Cx™ + D* 3 " 4 &c. then will 


the fum of the feries 77^77777^ +^7^^7^ 


0 *” _, &c 1 x p _ i . _i_L. 

Z+2n . jS+2 n . y+2S • atfy &, Sex. ce. * y— « * 

-i_. X &c -.x-fx-f- J ■ zie ■ ^Tg ■ ibs ■ - 

JL . 1 — . _i— . -i— . &c. x #“>' f xvp — &c. 

y c&~y @—y *y 

This may be proved from the fubfequent arithmetical propo* 


fition —■ . ~ • • & c *ir I • 775 * ?~ 


(3 «-jS y-,f5 a-xjs 

I _i_ 1 _ L .. &c. 4 I . JL. JL . JL . &c. 

y" * » —y #-y J—y ^ y —«S 


V&C .4 


x^.Let the general term of the above-mentioned feries A 4 B»" 
4 &* l *4 &c. be Hx * n ; then from the fums of the feries f y and 
the fluents of the fluxions x a p t x^p y xip 9 x*p y & c. being given 
there follows the fum of a feries, whofe general term ia 


+ « 7 *~ * 4 8eg» 

. g+#z « y+# 8 i *£+#£» &c* 


x Ha:’”,, where / denotes a whole 


number. 


If H=« 


I m—z 

% • - - • ft • --- } Of tft 

% 3 *+i 


1+1 ’ w ^ ere ^ “ a number and m t «, J0 7 , /, &c. am 


either whole numbers or fractions whofe denominator is a, and 
*= u'n, (Z—Q'n, &c. the fum of the above-mentioned feries can be 
found by finite terms, circular arcs and logarithms. If 
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If H=~~—- or = — - ■ —r > and /,«, &y, &c. whole 

I . 2 * 3 . . 3 I • 2 . 3 * * 

numbers and »— 1; then can the fum of any feriesof the above- 
mentioned formula be found in finite algebraical functions of x, 
and the circular arcs and logarithms of them. 


PART IL 

1. THE doftmie of proportional parts was probably very- 
early known in the aera of fcience; for when men could not 
find the exaft value of a quantity, they were induced to find 
near approximations by trials, and from thence, by proportion, 
an approximation ftill- nearer: which method is commonly- 
denominated the Rule of Falfe. 

This was often found to deviate confiderably from the exzSt 
value; and the fame operation was repeated, which frequently 
produced a nearer approximate value, and io on. 

This method of approximations, the moft general yet 
known, has been ufed in rciohing problems by feveral of the 
moft eminent mathematicians in different ages, and in dais 
particularly by M. Eulex. 

2, The following qbfervation, I believe, was fifft publifhed: 
in the Meditatmes, in the year 1770, %i%. that the conver- 
gency of the approximate values, found by the rule of falfe 
and method of infinite feries. generally depended on this, vhs. 

now> 
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how much nearer the approximate affumed is to one value 
of the quantity fought poffible or impofiible than to any other, 
and not to the quantity itfelf: hence, when two or more (#) 
values of the quantity fought are nearly equal, it is neceffary 
■to recur to more difficult rules, vi%. to three or more tiials; 
as, for example, let two roots be nearly equal, and write 
a, a + a-, and a-bp, for the unknown quantity in the given 
equation made =o, and let the quantities refulting be A, B, 
and C, then will more near approximations to the two roots 


nearly equal of the given equation be a + the two roots ( 7 ) ot the 
quadratic (^ 4 -^+^) **- (A* ^ + B x + 


c* 


(p—*■) 


x + A= o: for write o , *, and p, refpe&ively for * in 


the equation, and there will refult-the quantities A, B, andC. 

More generally, fubffitute for x in the .given equation the 
^quantifies a, a + tt, a +p, a +<r, a + r, a + u, &c. where tt, £, <r, r, 
&c. are -very fmall quantities; and let the quantities refulting 
be A, B, C, D, E, F, &c.; then will more near approximations 
-to the («) roots of .the .given equation be a + a, rf+/ 3 , a + y, 
jJ, &c. Where «, /3, y, &c. &c. are the n roots (e) of the 

. • (#-*)(#—/(#— <r)(e — r',&tc. a . e(e —?) (e—<r)(e—r)kc, 

,E» e » «i u “ 1011 - • — x A+ 

■jg ; xC+ &c. = A-f---W- +, 

^ e («-«•)(?\ it J \v e 


B 


*W-f) e(?- 

D 


i) 


xe . e’-T 






c 


) 


x £ . e 




A_ _ 

trg<r 

7 + ( 


B 


A 

/rfo'r 


4 


-er 

B 


«r(s 


E 


•*) 


€ {g_. ! r}(g~*}( ? ~r)&c. «r(<r—T(T~.or(T. 


) 


• 0 *-9T. £ — £ • (T' 


\ -irgSTTU 


B 


( w ?) ( W *** 01 ®” T ) ( W — t/) 


•f((T-tr)&C. 

c . 
(r*0 


v, 
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D_L_ 

U—O {?-«) “ H°— *){r-i){<r— ’•)(*■—0 t ( t — 

- 1 - -)e,e — it . e — p.e-ir . e — T-f&c = o. 

(j — T )/ 

Their relblutions were firft given in the Medrtationes Ana¬ 
lytics, publifhed in the year 1774* and require the extraction 
of a quadratic, cubic, and in general of an equation of (y) 
dimenfions ; which rules will often give a nearer approximate 
than the preceding, when the roots are not nearly equal. 

3. Thefe rules may be applied to find approximations to the 
roots of algebraical equations: for example, let the algebraica 
equation be _ p x «-i y qx«-* - &c. = o, fubftitute in it for a 
two* quantities- a, and a-\-e much nearer to one root than to anj 
other, and there refult a n —pa n ~ 1 +qa’ ! ~ z — &c— A, and (a + ej 
~p (a + e)”~ 1 + y (tf -f e)" -2 - &c. = E; then, by the rule oj 


falfe, B - A ; e :: A : 


a » n —1 , n—z 

a —pa -bqa 


[no* ^ 


whence a — b a near approximate value to the root fought; If the* 
quantities,in which are involved e, e\e\kc, on account of * being 
very fmall, be rejected, then will the approximate fought b — 


_ a”—*- &:c : -; which will nearly be the fame 

na ~~ l 1 pa~ : a + n~2 qa n ~ 3 - &c. * 

gg found, where a near approximate is given, from the method 
given by Vieta, Harriot, Oughtred, Newton, De 
Tagny, Halley,- &c. 

4. From this expreffion it follows, that if (fi) be a mot of 
the equation na"~ J - n~^lpa n ~ 1 4 -&c. = o, of which the roots 
are limits between the roots of the given equation, the ap¬ 
proximation found will be infinite. 

5. In finding thefe approximations, when there are ttoo or 
more quantities cojita&ed in the given equation dependent on 
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each othef, as the arc and the fine, it is neceffary that both 
ihould be corrected in every approximation to fuch a degree as 
the fubfequcnt approximations require. 

6. In the Meditation.es it is obferved, that in any algebraical 

equation x H - ax”- 1 4 - bx n ~ z - cx r -i + dx”~* - ^gx”~ m +^ 

hx”— m dzkx tt — m — t =plx n — m ~*=£&c.= o, if a be much greater than 

—, and - has to c r a much greater ratio than a : - ; and in the 

a 7 a b ° a 

•fame manner j has to ^ a much greater ratio than b - : ~, and 
•fo on; then fvill a be a near approximate to the greatefi: root 
'of the algebraical equation; ~ a near approximate to the fecond; 

- a near approximate to the third, and ^ a near approximate to 

a, root, which is much lefs than m roots of the given equation, 
•but much greater than the remaining (« — m — i) roots. 

If the equation above-mentioned x^ax *- 1 + &c. — o, ot 

which is the fame, 4*-4—& c * — g be infinite; then will, 

XX 

In like manner, all its roots be poflible and their approximate 

b t 

Values a, |, - , &c. as before. 

This eafily appears by fubftituting for a , b, c, &c. their 
values in terms of the root of the equation. 

7. A nearer approximate to the above-mentioned root will be 



t * 

8. Equations, of which the fluxions of the quantities con¬ 
tained in the given equations 'can be found, may be reduced to 
Infinite algebraical equations, in which is involved ho irrational 
function of the unknown quantities contained hi the given equa¬ 
tions by the incremental theorem; viz. let Ass 0 be the given 
5 equation* 
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equation, and (a) an approximate much more near to the root 

required (tt) of the given equation than to any other: write a for 

(#) the unknown quantity fought in the fubfequent quantities. A, 

. 

-r> &c.; and let there refult the correfpondent quan- 

X At 

tities «, / 3 , y, S, &c.; then will «■ - 4 be a root (e) of the infi¬ 
nite equation « $e -f -d— yr +---s e + =t &c. 

= 0, of which a root of the equations a—/ 3 <?=o, «:±:/ 3 <?-b 

-i-y/rro, &c. will be an approximate. If two roots of the 
1*2 

given equation are nearly = a, then it is neceffary to recur to 
an equation not inferior to a quadratic. 

9. The fucceffive approximate values found by thefe and like 
rules will ultimately be to each other in a greater than any geo¬ 
metrical ratio: for example, let be an approximate to a root 

of the quadratic x" — (as~)x -f # j = o, then will the new ad¬ 
dition to the approximate to the 'root s found by the common 
method at the diftance n- 1 from the fir ft approximate be 

nearly, where b— 2"— 1 . 

& 

1 o. Let an equation x n - Pac*— 1 -f — Ra^“ 3 +S#" -4 —&c. 

*= o, of which the roots are a , b, c, d y &c.; and an equation 
x n -px n ~ l + qx x ~ Jl — rx*~i + sx*-* - &c. = o, where p, q, r, s, 
&c. differ from the co*efficients P, Q, R, S, &c. by very finall 
quantities: affume the («) equations tt+ p+«r+T+&c.—P 
n 7 r+^-l-c'<r+</T-p&c.~P« —y + + 

^r+Scc. = Pj 3 - Q« + r - R=yj tfV + b'p +cV+ d'% + &c. — 
Py—QjQ+R«-r+ S=:^, &c.; and from them find the un¬ 
known quantities tt, £, <r» r, &c; then will a +?r, b +(> 9 eft-r, 
d+ r, &c. be nearly the n roots of the equation x n + q^"~ z 

voi . lxxvi. o’; t 
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- &c.=c ,and conlequently 7r, ? ,&c.nearly- — , 

; -+ J^ *~kc : &c.: whence the convergency of the ap- 

«£ ,— ’* — «*— 1 + Stc . 9 

proximate values found by this rule depends on the principle 
before delivered. 

10. Let there be given (in) equations, which contain m 
unknown quantities y, &c. 5 and let a, / 3 , y, &c. be 
nearly correfpondent values of the unknown quantities *, y, 
Sec. refpedively : affume 11 + 1 different values of the quantity 
viz. «, u + 7T, cc + n, «+ir", &c. &c.; and in like manner 
affume n + 1 different correfpondent values of the quantity y, 
which let be ( 3 , /3 + jS + p\ (3 + p", he .; and fo of the remain¬ 
ing; where it, it', it", &c. p, P ', p", he. he. are very fraall quan¬ 
tities; fubftitute thefe quantities for their refpedive values in the 
given equations, and let the refulting quantities be A, B, C, 
D, he. in the firft equation; P, Q, R, S, &c. in the fecond, 
&c. &c.: affume from the firft equation the n fimple equations 
<3tt + ^+&C. rr:B —A, Ait' -f- bp! + &C. =C — A, Ant * 1 + bp!' + &C» 
=zD-A, &c.; and from the fecond equation the n fimple 
ones hit + L + he. mQ — P, hit' + kp + he. = R — P, hit" + ka' 
4- he.~S- P, &c. From thefe equations can be inveftigated 
the co-efficients a , b, he. h, k, &c. &c. *, ultimately affume the 
m equations A + ae + bi + he. — o, P -f he+ki + he. = o, &c. 
from which can be deduced the values of the quantities e, i, 
he.; and a + *, jS + i, &c. will be more near values of the 
quantities, x, y, he. 

1 v. Sir Isaac Newton found the fum (A) of the 20* 
power of each of the roots of a given equation, and then ex- 

traded the 20 th root of A, viz. X/A for an approximate value 
of the greateft root of the equation, and further added fome 
limtlar rules on the fame principle. In 
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In the Mifcell. AnaJyt. and Meditationes the fame principle is 
applied in different rules for finding approximates to the 
greateft and other roots of the given equation; and alfo limits 
of the ratios of the approximate values of the roots found by 
thefe rules to the roots themfelves are given. 

It is obferved in the Meditationes, that from thefe rules in ge¬ 
neral to find the greateft root, it is often neceflary that the greateft 
poffible root be greater than the fum of the quantities con¬ 
tained in the poffible and impoffible part of 'any impoffible root 

of the given equation: for example, if ** + £ v/- i be an im- 
pofiible root of the given equation, then it is neceflary that the 
greateft poffible root be greater than a + b. 

It may further be obferved, that in equations of high dimen- 
fions (unlefs purpofedly made) it is probable, the number of 
impoffible will greatly exceed the number of poffible roots; and 
confequently thefe rules moft commonly fail. 

12. M. Bernoulli aflumed a fraction whofe numerator is a 
rational function of the unknown quantity, and denominator 
the quantity, which conftitutes the equation; and reduced the 
fraction into a feries, whofe terms proceed according to the 
dimenfions of the unknown quantity; and thence found an 
approximate value of the greateft or leaft root of the given 
equation or its reciprocal, by dividing the co-efficient of any 
term of the feries refulting by the coefficient of the preceding 
or fubfequent term: for example, let the equation be 
x » _ q. qx*—* - rx ”~3 + sx *~+.. =fcP# = o; af- 


- , tp** * + n-2qx" 3 -~«— 

fums the frafticm-TT 

**-' + («+(3+,+J+&c-)'» _ ‘+ (*‘ + /3‘+ r* + 8*+ <‘ + &c.) 
«-!+(«’+&++ J’ +*'-h&c.) X-*+iff + (3*,+/+f‘+s*+ 

O 2 &c.) 


“ 4 +&C. 
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&e.)r-s.... + (oi*- 1 +f3 m ~ J + y m ~ J + &c. = P>- w +(«*+/3 m + y 
+ &c. «■ Q.) #-“*-* + («" +I + /3*+ I + y m+t + &c. =» R) + 

&c.; then will ^-or v'Q.be the greateft root nearly. 


Ex * 2, 8-lU + Q^-P*» + fcc..,> + + } + 

(;■-* ?+^+T* + &c -)- v+ (? + pJ +^+ &c 0«‘+ (J + 6>+ 
4 -+&c.)*'+.+(Hr:+=!r, + -i;+ &c - = p )*~+ 

y P y 

( f.^H+^+ &c -=Q)^' + Crr. + i^+ r -i + &c ’)** + 

&c.; then will L or^£, the leaft root nearly. 


Ex. 3- -7-—-=r-- =«r*+(«+/3+y+J+&c.y— 

x—px -+qx -&c. 

+ (a^H -^ 1 + y* + &c.( + «/3 + msy + $7 + H* & c )) H* (« 3 + 
/3 3 + y 3 +&c.( + «*j(3+a 2 y + /S V+y*» + y/3 + &c.) + «/3 y + «/3J+ 

s 

«y 5 +^J+ &c.)) *—! + &c.; and j +. 

(H+j +7 + &c 0 x +(? + F+ 7 +&c '( + ^ + ^ + ^ +i '-)) 
jc* + &c. in each of which all the numeral co-efficients are i. 
The approximate values to the greateft and leaf! root may be 
found in the fame manner as before. 

From the preceding examples it appears, that the fame ob- 
fervations which have been applied to Sir Isaac Newton's 
method are equally applicable to M» Bernoulli’s. 

13. In the Meditatmes this rule is further extended, viz. 
let the given equation involve irrational and other functions of 
the unknown quantity; reduce it fo that no fun&ion of the 
unknown quantity (*) may be contained in the denominator, 
and let the refulting equation be A wo. Affume a fraction 
d B 




Infinite Series. 


101 


•L, whofe numerator B is a finite rational and integral fundHon 
A 

of the unknown quantity; reduce— into a feries proceeding 

according to the dimenfions of the unknown quantity: for 
example, let the feries be A V + Wx r+I + Cx '+ i! 4- ...+ 
L^+*4.M^ +/ '^*4-NAr r +' : i ::2, + &c.; then fexceptis excipiendis) 

if s be negative, will the greateft root be ^—nearly; but, if s 


be affirmative, Vi will be the leaft root nearly. If l be infi¬ 
nite, then (exceptis excipiendis , as before-mentioned) the quan¬ 
tities Vx and Ve will be the above-mentioned roots accu¬ 


rately. 

Thefe principles have been applied to find the remaining roots 
of the given equation as well as the greateft and leaft. 

. 14. The rule of falfe has been found very ufeful in finding 

approximates to the two unknown quantities contained in two 
given equations, and has been applied to ( n) equations having 
(») different unknown quantities *. for example, it has been ob¬ 
served, that if two or more (m) values of an unknown quan¬ 
tity (*) are nearly equal to each other and to its given approxi¬ 
mate value (*'), the unknown quantity v=x—xf will afcend 
to two or more (rri) dimenfions in one of the refulting equa¬ 
tions ; or in more than one equations will be contained fuch 
powers jof the quantity (y), that if the more equations were 
reduced to one whofe unknown quantity is v t the refulting 
equation will contain (m) dimenfions of the quantity v. Hence 
it appears, that in this cafe alfo the convergency of th'e ap¬ 
proximate values found will depend 011 the given approximate 

being much more near to one root than to any other. 

6 15. When 
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15. When the given equations A ~ 0, B —0, C = o, Sec. 
contain irrational or other quantities whofe fluxions can be 
found; and approximates (a, b, c, d, See.) arc given to each of 
the unknown quantities (x, y t ss, *n, Sec.') contained in the 
given equations; let a + = x, b+/-y, c+z'-z, d + v' = v. 

Sec. ; fubftiiute in the quantities A(%)> (^-) » (—) > 

»t ji & *V 

«** (D- (r> ©’ &’**■'($)’ &c ' for 

x 9 y, z, v. See. refpectively a, b, c, d, Sec.; let the refulting cor- 

refpondent values be A', ('£) , (~)»&c. whence maybe de- 

x y 

duced the equation A' + ( x' 4- (-j-) f + ( — ) 

tf+&co+(K£)^ 


.vV + f' A ") x'z'4 -&c.) 4-&c. = 0 in which no irrational, Sec. 

' XZ ' 

function of the approximates /, Sec. is contained; and 
in the fame manner may the retraining equations B * o, C = o, 
kc, be transformed into others, in which no irrational func¬ 
tion of the approximates {x\ /,%' t Sec.) is contained, and 
from the refulting equations may be found approximate values 
of the Quantities x\ y\ %\ Sec. 

If there be given only two equations A = 6 and B=o con¬ 
taining two unknown qualities x and y, and all the quantities o‘f 
the refulting equations, in which are contained more than one 
dimenfion of the Quantities x' and y' be rejected, there will re- 

fult the two equations A' + (A*) + (A-) f = o and B'd-j 

x y 

^ Ej y =o, from which may be found x' andy, the 
. . fame 
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fame as given by Mr. Simpson and others. When two or 
more values of the quantity x are nearly = <2, then in a refult- 
ing equation or equations, quantities of two or more dimen- 
fions of the approximate x' are to be included. 


part nr. 

1. THE firft algebraifts divided quantities, and extracted 
their roots no further than the quantities themfelves: they 
did not perceive the utility of proceeding any further, other- 
wife the operation would have been the fame continued. Mr. 
Gr^go^y St. Vincent, and Mr. Merc a toe. divided, and 
Sir Isaac Newton divided and extruded the roots of quan¬ 
tities (in which only one unknown quantity (#) is contained) 
by the operations then ufed by arithmeticians, into feries 
pending or defcending, according to the dimenfions of x in 
infinitum* They clearly faw the utility of it in finding the 
fluents of fluxions, as Dr. Wallis and others fome little 

m 

time before had found the fluent of the fluxion atfx\ or, which 

tit 

is the fame, the area of a curve whofe ordinate is aV* and ab- 
fciffa is x, 

2. M. Leibnitz alked from Mr. Newton the cafes m 

which the above-mentioned feriefes Y oulci converge; for St 

would be altogether ufelefs when it diverges, and of little ufe 
. ? n t ' t, ‘ * ** 

yylien it converges lloiyly, * , } 
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Caf. i. To this queflion an anfwer, I believe, was firft 
given in the Meditationes , viz. reduce the function to its loweft 
terms; and alfo in fuch a manner that the quantities contained 
in the numerator and denominator may have no denominator: 
make the denominator Q = o, and every diftind irrational quan¬ 
tity contained in it=o ; and alfo every diftindt irrational quan¬ 
tity H contained in the numerator =o; then, let« be the leaft 
root affirmative or negative (but not=o) of the above-men¬ 
tioned refulting equations, the afcending feries will always 
converge, if the value of x is contained between a and — a ; 
but if # be greater than « or - a, the above-mentioned feries 
will not converge. 

If the above-mentioned feries (S) be multiplied into x, and 
its fluent found; then will the feries denoting the fluent con¬ 
tained between two values a and b of the quantity (*) con¬ 
verge, when a and b are both contained between x and - u: 
the fluent always converges fafter than the feries S, the un¬ 
known quantity x having the fame values in both. 


Ex. Let f ---- + Car* 4* &c. and 

J a + bx+CX t + 

the roots of the equation a + bx + cx* + .. x*—Q be «, 0 , y, £, 


&c.; then 




?* 


a+bx+c* 1 . 


+ 


y~x 


+&c. —Ax+Bxx + 


Gs s *+&c.; but 


~+~* + ~+&c. in infinitum , 

& or or 


... f rr 


+<**+&c. &c.; the former feries converges when x is 

contained between « and the latter when * is between 
0 and 0 , and fo on. In the fame manner the fluents 

**+!IfJ+&c.i ffi. »^+i£+&c. &c. a fortiori con- 
Jf * 2* a %f B-* P2.tr 

verge when x is between a and — 0 and — 0 y &c. relpec- 

and fo on: hence the feries Ax +iB** + }G#* + &c. 

4 = / 
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r_i _ -p* l+ A«L + Af*+ &&-(*+! + 

Ja+ixA;J—* J 0-* J ?-* U 0 


- +&c.) x+( ^ + 1 + ^ + & Ci ) * 2 + &c * ahva 7 s converges 

when x is between ct and — «, where a is the leaft root of 
the above-mentioned equation; but where x is greater than « 
or - «, the feries will diverge. 

The infinite feries a m + ma m ~ l x -f m . a*~*x* + &c.=*+« 

will always converge when a is greater than x y and diverge when 
lefs, and confequentiy its conv.ergency does not depend on the 
index tn> unlefs when x-^a: and in the Mcditationes Analy¬ 
tic* are given the cafes in which it converges or diverges when 

*- *; and alfo if the feries + &c. defcends 

according to the dimenfions of x, when it converges or diverges. 

Caf. 2. Let the above-mentioned quantity be reduced into a 
feries A*“^ + B*” r “ I + &c. defcending according to the dknen- 
fions of the unknown quantity *; then will the feries Ax~'+ 

~Qx~~ r ~'‘ + &c. =P, or the feries A *_ ---— + &c. ~f P# con¬ 

verge, when a; is greater than the greateft root (x) of the 
above-mentioned equations, Sffid diverge when it is lefs; and 
ponfequently-in this cafe, when the fluent is required between 
the two values a and b of x ; the feries found will converge 

when ’a and b are both greater than X. 

Ca£ 3. When x is equal to the leaf! root in the former cafe, 
and to the greateft in the latter, then fometimes the feries will 
converge, and fometimes not. Thefe different cafes are given 
in the Meditatknes ; but it would be too long to infert them in 

this Paper. _ , y *— 

4 . If any roots are impoffible z$a~bS-i anda-f^/- 1, 
then the feries will converge when * is In the firft cafe 
Vot. LXXV1 P lels 
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kfs than -»-(«- J), and in the fccond cafe greater than 

f (3+i) r 0 ; more general, it will converge in the firft 

cafe when a' is always infinitely^ than the reciprocal 

r , tnAb^— ii’'4-la——r) -t w hurc« is infinite r 

of the quantity-~, + 

and in the latter cafe it will converge when «* is infinitely 

greater than P. , , , , 

It may not be improper to obferve, that the fame values of 

the root are to be applied in the equations, which are applied 

m ‘ he ^ n “ iAc NewT0Nj i n the binomial theorem, reduced 
the power or root of a binomial into a feties proceeding ac¬ 
cording to the dimenfions of the terms contained in the bino¬ 
mial. M. de Moivke reduced the power or root of a multi¬ 
nomial into a like feties; but in all cafes, except the mod: 
fimple, we rnuft ftill recur to the common divifion, extraftion 

of roots, &c. 4 < 

4 . MeC Euler, Maclaurin, and other mathematicians, 

finding that the feriefes before- mentioned often converged {lowly, 
ot, if the truth may be confoffed, commonly not at all, to 
deduce the area of a curve contained between two values * and 
b of the abfeifs, or fluent of a fluxion between two values a 
and b of the variable quantity x, interpolated the Tories or area 
between a and b ; that is, found the area or fluent contained be¬ 
tween the abfeiffo a and a +«, then between the abfeiflas a+a 
and a + 2 a, and then between the abfcifllc a + 2* and 0 + 3a, and 
ib on, till they came to the area between b-a and b. M, 
Euler obferved, that when the ordinate became o or infinite, 
the feries expretfing the area converges {lowly; and therefore. 
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in order to invefttgate the area near the points of the abfcifs, 
where the ordinates become 0 or infinite, he trail atoims the 
equation, and finds fcriefei exprcfling the area near tlmfo points, 
in which feiiofrg the aUdita or unknown quantifies begin ho*a 
thofe points. 

5. In the M’ditathna it is aflerted, that in a feries proceeding 
according to the dimenfions of %, if any root of the abo\e- 
mentioned equations be fituated between the beginning of the 
abfcifs 0 and its end x, the feties will not converge: it is there¬ 
fore neceflary to transform the abfcifs fo that it may begin 01 
end at each of the roots of the above mentioned equations, and 
confequently where the ordinates become o or infinite, See.; 
thofe cafes excepted where the ordinate becomes o, and its cor- 
refpondent abfeiffa is a root of a rational function W oi x 
without a denominator, and / WP* is equal to the given 
feries; and in general the abfeiffie ought to begin from the 
above-mentioned points; for if they end -there the feries will 
converge very flow, if at all. 

6. It is further aflerted, that if a and b, the values of thp, 

abfciflfe between which the area is required, be both more near 
to one root of the above-mentioned equations than to auy other, 
and n feriefes are to be found, whofe fum exprefsthe area con¬ 
tained between a and b ; then that the fum of the («) feriefes 
miy converge the fwifteft, the diftauces of the beginnings of 
each of the n abfeiflie from the adjacent root will form a 
geometrical progreffion. 4 

7. Mr. Craig found the fluent of any fluxion of the for¬ 
mula U + bx n + cx l * 4 - &C.)"* 9 - ** by a feries of the Mowing 

Pa W 
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kind (a + 6 ** + ex'* +&c.)"+ l x .v 9 x ( a q-/3v B +y.i"’’ + &c. in infi¬ 
nitumJ. Sir Isaac Newton, by ieriefts of the lame kind, 
found the fluents of fluxions of this formula fi + bx” 4 - ex"-” + 
&c.y x (e 4- fix” +gx** + &c.)" x &c. a* 5 - 1 * ; the lame principle 
is extended fomewhat more general in the Meditattones. 

8. Mr. John Bernoulli found the fluent of any fluxion 


f nz~nz-~-+ - ——r ? - &c. from the principles which Mr. 
J 2z 2 . 3« 

Craig publifhed for finding the fluents of fluxions involving 


fluents. 

In the Meditatmes fomething is added of the convergcncy 
of thefe feries; and alfo, 

9. In them a new method is given of finding approxi¬ 
mations. Let fome terms in the given quantity be much 
lefs or greater than the reft; then reduce the quantity into 
terms proceeding according to the dimenfions of the final! 
quantities, or according to the reciprocals of the great quan¬ 
tities, and it is done. If the fluent of the quantity refus¬ 
ing is required, find it from the common methods, if poflible j 
but if not, reduce the terms not to be found into an infinite fe- 
rleie, and then find approximate values to each of the terms, &c. 

Ex. i. Let R the radius, and A the arc of a circle whofc 
fine 1 is S and cofine C, and Ad=e an are of a circle which 
does not much differ from the arc A, that is, let e be a 
■veiy fmall quantity; then will the fine of the arc A^e be 



-J- x £, q.-1-- - &c.); and the cofin6 of the fame arc 

a # 3 R* ^ * 3« 4 f ' 


will be C^i -~x ~ + . I . - x &c. in infinitum 


1 

% * 
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i e* 

x 


xl-& C .). 


2.3 R 3 ~2.3.4.5 R s 

^ Si ^ 

Ex. 2. Log. (*=±=£)= / -^= log. A*=t=pLj=t-L^=&c.: 

yVc^js = /V=T* + ?T7- + &c - 

Ex ' 3 'J's+ifTT? ~f JT? ~ FT ? +&c ‘ 

Ex * 4/✓(T-fen = yVrz7”7T^- &c ' 

Ex ; * ~ 
y'ir?7 +&c * 


Ex. 6. Let the fluxion be 


\/ J — 


f# AT 


, where c is a very fmall 


quantity; then, if P be put for </1 — *% the fluxion becomes 

f _“!f — Lf -&c. of which the fluents will be found 

f aP 8P x6P 

A_£. x i-^— -5 x 2 lj 2 -ix 5 £i 2 _&c. where A=x 
•** 2 x 2 8 4 x6 6 

fi b=-^-— 1 p , c= 25 z— & c . 

This is the fwifteft converging feries for finding the length 
of the arc of an ellipfe nearly circular, which is yet known; 
for example, let the abfcifs to the axis beginning from the 
center =* x, the femi-tranfverfe axis of the ellipfe be 1, 
its femi-conjugate 1 -d; then will c=id-d\ and let the 
length of the quadrant of the ellipfe be required, in this cafe 

*=1, and and A = 3>I4I ^’ i^ : - 1,57079, 

&c. whence the length required is 1,57079, &c. x (r —-- 

’•3<* 


% #2 
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&K.7. Let the fluxion be x (a* 4 -rf' 4 - (3 ^+&')ti + (3^' 4 - c') r 
■f (74 4- 7') x^tz P.v, where ^ < 7 , &c. arc very lmall quan¬ 
tities* J thru will T\v 2s ((tf-f &v) < w + «/</ 4 & V* ’ * (V I- //,r 4 tf'.r 
+ *.|-V“*x (y4^--}-,V4^y h &c.)^ 

of which the flu.nt is —~—7 m(a-\ &x)r~' x 


of which the flu.nt is 7 7, ' 

r n' . . c r — 3 a A - , />* — 1 «B 

( _A- J -|- 2 4 - 

v.(3« + j)A ’ I’nb (jw-i> 


j_ -—„v 4- r^-Z-,^ ) 4- &rc. where the 


letters A, B, C, &c. denote the preceding co-efficients. 

ie. M. Eur-ER. and others, reduced the ferics Av r 4- P.v'+ r 4 - 


C>v r + 2, 4- &c. into a feries A / fin. r«4-B fin. r 4-r«4- See. Sec. 
where x denotes the aic of a circle, whole line is ax, Sec. 


It may be eafily reduced into infinite other feriefes proceeding 
according to the dimen lions of quantities, which arc fun&ions 
of x ; but it is mofl: commonly preferable to reduce it into 
feriefes proceeding according to the fines, cofines, tangents, or 
iecants of the arcs of circle, which fines, See. can immediately 
be procured from the common tables. 

It has been obferved in the firft part, that to find the root of 
an equation, an approximate value much more near to one root 
of the equation than to any other muft be given. In this part 
it is further obferved, that feriefes deduced from expanding 
given quantities, fo as to proceed according to the dimonfions 
of the unknown or variable quantities, will not converge if the 
unknown quantities be greater than the Icafl: roots of the above- 
mentioned equations; and that they will not converge much, 
unlefs the unknown quantities have a fmall proportion to the 
leafl: roots: and if the given quantities be expanded into 
feriefes defending according to the dimenfions of the unknown 
quantities, then the feriefes refining will not converge if the 
-«» greatefl 
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g re ate ft roots of the equations before-mentioned be greater than 
the unknown quantities; and unlefs the unknown quantities 
have a great ratio to the greateft roots the feriefes will converge 

flowly: for example, the feriefes ■~—=x—ix 2 +Scc. t J' 

— % - | s’-b ' z ! - &c., C —-— =y + ^y*-\- 8 tc. will never con- 

%J V i—f 

verge if x, z, or y, be greater than i ; but will always con¬ 
verge when lefs than —i or =*=i \/ - i the leaft or only roots of 
the equations i-far —o, i —y~ = o, and i -j-sf = c. The feries 
y -f- -f &c. will always converge when y is fituated between 
-f i and — i, in which cafe alone it is poflible. The fame is 

true alfo of a feries arifing from expanding the J'{ax n -f for- 1 j. 

ex ™* 2 -f Scc.f^x into a feries proceeding according to the dimen- 
fions of x, if the equation ax'” + bx ^ 1 -f cx m ~ 2 -f &c. = o has 
only two poflible roots a and — a, which are lefs in the manner 
before-mentioned than any impoffible root contained in it. 

If in either of the above-mentioned feriefes the unknown 
quantity x, z, or y , has a great proportion to i, the 
feries will converge very flow; for example, if x — i, ten 
thoufand numbers at leaft are to be calculated, to procure 
the fum of the feries true to four figures; therefore, in thefe 
and rnoft other feriefes it is necefi'ary firft to find a near value, 
<vh. when x either =z, when e is very fmall; or = e, when s is 
very fmall; and tjhen write "-fe for x in the quantity, and 
reduce it in the former cafe into a feries proceeding according 
to the dimenfxons of e, in the latter cafe according to 
the dimenflons of k, and there will anfe two feriefes, of 
which the fluents properly corrected, viz. by adding the 
fluent contained between. the Values a and e to -the latter, 

and that between a and z to the former, will giVc the famo 

fluent. 
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fluent. The fir ft term of the feries, in which e 'ippofed 
very fmall, tffll be the fluent of the given fl-ixi when 

i i. If a fluxion Tv, where P is a function of *, be tr. ^formed 
into another Qz, where Q^Js a function of ", and they be 
reduced into feriefes A and B, proceeding according to the di- 
menfions of * and a refpectively; find ct and tt, corrdpondent 
values of the quantities * and z ; then in afeending feriefes, if 
« has a lefs ratio to the leaft root of the equation P = o, than ?r 
has to the leaft root of the equation Q~o, the feries A 
(exceptis exetpiendh) will converge fwifter than the feries B. 

lx. Dr. Barrow, in fome equations, exprefling the relation 
between the abfeifs * and ordinate y f found y in the two firft 
terms of**, viz. y=a + ix, which is an equation to the afymp- 
totes of the curves. Sir Isaac Newton, from an algebraical 
equation given, exprefling the relation between y and *, found 
a feries proceeding according to the dimenfions of *, expreffiug 
y m terms of *. M. Leibnitz performed the fame problem 
by afluming a feries A*’-fB**-K^C.v' , +* r +&c. with general 
co-efficients, and fubftituting this feries for y in the given equa¬ 
tion, &c. from equating the correfpondent terms he deduced 
the indexes and co-efficients. M. be Moivre, Mr. Mac 
Laurin, &c. obferved, that when the higheft terms of the 
given equations have two or more («) divifors equal; for 
example, (y — ax n ) m ; to which we muft add, and when a 
value of y in this cafe is required nearly equal to Aaf, a feries 
*+- 

A**d-B* * -f &c. is to be aflumed, whole indexes differ 
nnly by ^, &c. if otherwife they would differ by r. 

This redudtion jfeldom anfwers any other purpofe than, find¬ 
ing the* fluents of fluxions as J*yx, &c,; or the afymptotes, &c. 
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of curves, which depend on fome of the fir ft terms of the 
feries ; but will very feldom be ufed for finding the roots of an 
equation; the rule of falfe, or method given by Viet a, will 
ever be fubftituted in its ftead. 

13 . The values of x may be required between which the above- 
mentioned feries A.v»+B.v"^+Cv»+-+&c. will converge, as 
the infinite feries anfwers no purpofe when it diverges. Firft, 
if an afeending be required, write for y in the given algebraical 
equation an infinite quantity, and find the roots of x in the 
equation thence refulting P:-o ; which for y write in the fame 
equation, and find the roots of * in the refulting equation 
which contain irrational quantities, viz. if one root be.v = rf; 
then let it contain (*- where m is not a whole number; 
find the roots of the equations refulting from making every 
irrational function of ( x ) contained in the given equation =0, 
there being no irrational fundion of 3? contained in it; then, 
if a? be greater than the leaft root not =0 of the above-men¬ 
tioned equations, the feries will not converge; but if it be a 
feries defending according to the dunenfions of x, and x be 
lefs than the greatefi root of the above-mentioned equations, 
the feries will not converge. 

In interpolating feriefes to inveftigate the fluent contamed 
between two values a and b of the fluxion 

it is preferable to make the abfeifife begin from every one of 
the above-mentioned roots contained between a and b. 

Moft commonly theft feriefes will not converge unlefs # 
be lefs, &e. than other quantities not inveftigated by this rule. 
t a Qir Isaac Newton gave an elegant example of this rule 

the inyeftigation of the law of the feries has never been 

attempted, 'in the year 1757 I ** the 

VoL LXXVI. Q Mahtatims 
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Meditationes Algebraic# to the Royal Society, and publifhed it in 
1760, and afterwards in 1762, with another part added, on the 
Properties of curves, under the title of Mljceihvnca Analytics, in 
all which was given the law of a feries for finding the ium of 
the powers of the roots of au equation from its co-efficients. That 
great mathematician M. Le Grange and myfelf printed about 
the fame tirre an obfervation known to me at the time that l 
printed the above-mentioned book, that the law of its powers 
and roots, if it proceeds in infinitum, is the fame; from 
which feries of mine, with great fngacity, M. Lr, Grange 
found the law which Sir Isaac Newton’s reverfion of leriv-s 
obforves. In the Meditationes the law is given, and til© feries 
is made to proceed’according to the dimenfions of x, &cc. 

J.r. ]ft is afferted in die Meditationes , that in moft equations 
of high dimenfions, uulefs purpofedly conftituted, the futn of 
the terms wliich, from the given hypothecs, become tlie 
greateft, being fuppofed = o, only an approximate to the value 
A*" of y in the refulting equation can by the common algebra 
be deduced. In this cafe the approximate t© the quantity A is 
to be v found fo near as the approximate value of the quantity 
fought requires; or perhaps it is preferable to correft in every 
operation the approximate values of the quantities A, B» C, &c. 
in the feries required A'V’-f CV , '** r 4-&c. 

In the equation the quantity %r±=.e may be fubffitutrd for x, 
and from the equation rcfulting a feries expreffing the value ofy 
may be found, proceeding either according to the dimenfions of 
the quantity 2, or its reciprocals, according to the conditions of 
the problem. 

16. If there are more than one (») equations having (» + i) 
unknown quantities (x,y, 2, &c.): in each of the equations for y. 
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as, he. write refpe&ively Ax”, AV”, &c,; and fuppofe the 
terms of each of the equations, which refult the greateft from 
the given or affumed hypothecs =0, and from the refulting 
equations may be found the firft approximates Ax”, AV”, &c. 
either accurately or nearly; then, in the given equations for 
y, 2, &c. write / + (A + a) x" + Bar’*”' + hc.z' +(A' + o') x m 
+ where a, a\ &c. are very fmall quantities ; and fuppofe 

the terms of each of the equations which become greateft from 
the above-mentioned hypothefis refpe&ively = o, and from the 
equations refulting -deduce the quantities a , a\ he .; n\ m\ 
&c.; B, B', &c. *, and foon: or affume y = (A + itf+/*i+ 
&c.) a 4 * + (B+ \b-\-b\ + &c.) + &c.; (A' + la' + a'i + 

&c.)a; !B 4-(B / + + 4-&c.)a:"+”‘ 1 + &c. &c.; fubftitute thefe 

quantities for their values in the given equations, and from 
equating the correfpondent terms of the refulting equations 
may be deduced the quantities required. 

The differences of the indexes &c. m\ he. may be de¬ 
duced by writing x”, **, he. for y, %, he. in the given equations, 
from the differences of the indexes of the quantities refulting. 
The fame principles may be applied in finding the above- 
mentioned differences, when two or more values are A.v“, he. 
which were applied in a like cafe to one equation having two 
unknown quantities. 

The fame principles which difeover the cafes in which a 
feries deduced from an equation having two unknown quanti-. 
ties will converge, may be applied for the fame purpofe to 
thefe feries. 

17. In the equations for x,y, 2, he. write refpe&ively /+*» 
y+/» &c.; and from the equations refulting find/, 

s', he. in feriefes either proceeding according to the diswnfions 

Of 
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of the quantities e,f, &c.; or according to the dimenfions 
of the quantity a \ as the conditions of the problem require. 

18. Given one or more («) algebraical equations involving 
{n 4. ni) unknown quantities, one unknown quantity ( v) may 
be exprefled by a furies proceeding according to the dimenfions 
of the in — 1 remaining ones (a?, 2, v, &.C.), in which any dimen- 
fions of 2, v, &c alfumed may be fuppofed to com fpond to (/) 

dimenfions of the quantity (x). 

19. In a fluxioDal equation of the m xh order, exprefling the 
relation between x, y, and their fluxions, where .v is conftant, 
Mr. Euler fubftitutes in the given equation for jr, 

y>* % &c. refpeaively Aa-—*-, —■- + afr ~*, 


_ A 

(«—w+i)(«—»i+a) 


i aX x’> 


- + 6x" 


t 

•> 


_A_ 

(«-»;+ i;(a— 


__,v"-«+3 x ">~3 + l ax'x m ~i 4- bxx m ~ 3 4 - cx m ~ 3 , &c. where 

(«— m+3) 

a, b, c, &c. are any quantities to be nflumed in fuch a manner as 
the conditions of the problem require; from fuppofing the 
aggregate of the terms of the reflating equation, which are the 
greateft,=o, may be deduced the firft approximate A#*,or elfe (as 
is beforementioned) A' V a near approximate to Ax*, and by pro¬ 
ceeding as in algebraical equations another approximate may be 
found, and fo on. The lame may be found by aflucuing y » 
Ax" 4- Bx” +r + Ca’"+ s '' + &c. + ax’* + bx K ~ ! + ex ™* 1 4- &c. or y = 
(A4- ia + ai + 8 cc,)x*+(B + ib + bi +&c.) a” , +'+(C 4 - 
4- &c.)„v"+ 1 '' 4- &c. 4- ax m 4- bx *" 1 4- cx m ~ 2 4- &c. and fubflituting 

it and its fluxions for their values y, jr, y, &c. in the given 
equation, and fuppofmg the aggregate of each corrcfnindent 
terms, which do not very much differ from each other, =0; 
from the resulting equations can be deduced the co* efficients 
A, B, C, &c.; or A, ta, ai t Scc.; B, ib t bi f &c>; G, ic, c 1, 
&c« &c. In 



Ignite Series. 117 

t 

In the given equation for y, x } and their fluxions fubftitute 
/+/, x'-\g, and their fluxions, where the quantities/and g t 
&c. are affumed, fo as to render the quantities/ and &c. 
very fmall. 

In finding the feries which expreffes the value of y in terms 
of x, there will always occur as many invariable quantities to 
be affumed at will as is the order of the ftuxional equation, 
provided the feries begins from its firft terms ; and to find them 
there will refult equations eafily reducible to homogeneous 
fluxional equations, of which the orders do not exceed 
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V. Experiments on Hcpniic Ah'. 

}y Richard Kirvvan, Efq. F. R . S, 


Read December 22, 1785. 

H EPATIC Air is that fpecies of permanently elaftic fluid 
which is obtained from combinations of fulphur with 
various fubftanccs, as alkalies, earths, metals, Szc. It pot** 
fefles many peculiar and diftind properties; among which the 
moft obvious are, a difagreeable charaderiftic fmell emitted by 
no other known fubliance; inflammability, when mixed with 
a certain proportion of refpirable or nitrous air; mifeibility with 
water, to a certain degree; and a power of difcolouring me¬ 
tals, particularly filver and mercury. Thefe properties were 
firft difeoveted by that incomparable analyft M, Scheele. 

This air a£s an important part in the (economy of nature. 
It is frequently found in coal-pits; and the truly excellent and 
ever to be regretted M. Bergman has fhewn it to be the 
principle on which the fulphureous properties of many mineral 
waters depend, and thus happily terminated the numerous 
difputes which the obfeurity of that iubjed had occafionccl. 
There is alfo great reafon to think, that it is the peculiar pro- 
dud of the putrefadion of many, if not all, animal fubftances. 
Rotten eggs and corrupt water are known to emit the fmell 
peculiar to this fpecies of air, and alfo to difcolour metallic fub- 

ftnnces 
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fiances in the fame manner. M. Viellard has lately dlfco- 
vered feveral other indications of this air in putrefied blood. 

Yet, deferving as this fubftance appears to be of a thorough 
inveftigation, it has as yet been very little attended to. The 
experiments of M. Bergman have not been fufficiently nu¬ 
merous, and thereby led him into fome miftakes. Dr. Priestlev 
has intirely overlooked it. The refearches of the ingenious M. 
Sennebier, of Geneva, have indeed been very extenfivc; 
but as, for particular reafons, he operated on this air over 
water (by which it is in great mealure abforbed) in (lead of 
quickfilver, his conclufions appear in many refpefts objec¬ 
tionable, as will be feen in the fequel. The experiments I have 
now the honour of laying before the Society were all mad©, 
over quickfilver,. and feveral times repeated* 

SECTION I. 

Of the Subfances that yield Hepatic Air,, and the means of 

obtaining it. 

It is well known, that faline liver of fulphur is formed, in 
the dry way, of a mixture of equal parts of vegetable or mi¬ 
neral alkali and flowers of fulphur, melted together by a mo¬ 
derate heat, in a covered crucible. I examined the circura- 
ftances. of its formation, and obferved, that when this mixture 
was Hightly heated, it emitted a bluifh fmoke, which gra¬ 
dually grew whiter as the heat was increafed, and at laft, when 
the mixture was perfectly melted, and the bottom of the cru¬ 
cible flightly red, became perfectly white and inflammable. 
To examine the nature of this fmoke, I made a pretty pure 
fixed alkali, by deflagrating equal parts of cream of tartar and 

nitre 
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nitre In a red-hot erne ble iu the ufual way ; and mixing tins 
fait pet f&dly dry with flowers of f ilphur in much {mailer 
quantity, as I believe (for I did not weigh lilt fait, lead it 
ihould, duiing the weighing, attraci moilhirc) 1 gradually 
heated the mixture in a fmall coated glafs retort, and received 
the air proceeding from it over quickfilver. 

The firft poition of air that pafied with a very gentle heat 
was that of the retort itfelf, {lightly phlogifticated. It 
amounted to 1.5 cubic inches, and with Dr. Priestley’s ni¬ 
trous teft (that is, an equal mcaiurc of nitrous air) its goodnefs 
was 1,29. It contained no fixed air. 

The licond portion of air obtained by iticrcafing the heat 
amounted to about 18 cubic inches. It was of a reddifh colour, 
and feemed a mixture of nitrous and common air. It {lightly 
adfced on the meicury. 

The third portion confifted of 20 cubic inches, and appeared 
to be of the lame kind as the laid, but mixed with a little fixed 
air. 

This was fucceedcd by 64 cubic inches of almoft perfectly 
pure fixed air; and the bottom of the retort being now red, 
fome fulphur fublimed in its neck* When all was cold, liver of 
fulphur was found in the bulb of the retort. 

Hence we fee, that the blue fmoke confifts chiefly of fixed, 
air, and the white or yellow fmoke of fulphur fublimed ; and 
that no hepatic air is thus formed; nor vitriolic air, unlefs the 
retort be fo large as to contain a fufficiendy of common air to 
admit the combuftion of part of the fulphur. 

2dly, That the aerial or any other acid, combined with the 
alkali, rauft be expelled before the alkali will combine with 
the fulphur. Liver of fulphur exercifes a ftrong folving power 
on the earth of crucibles, and readily pierces through them. 

The 
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The above experiment Teems to (hew that liver of fulphur 
will not yield hepatic air without the addition of an acid; and 
I believe this to be true when the experiment is made in the 
dry way, and nearly fo in the moift way; for having added 
200 grains of fulphur to a concentrated folution of forong 
cauflic vegetable alkali, by a flrong and long-continued heat 1 
obtained only i cubic inch of hepatic air ; yet it is well known, 
that a ftrong folution of liver of fulphur conftantly- emits an 
hepatic fmell, even in the temperature of the atmofphere; 
and the fubflance fo emitted contains fo much hepatic air as to 
difcolour filver and lead, and even their folutions; which 
fhews, that ail incomparably fmall quantity of this air is 
capable of producing this effedt. To difeover whether this 
extrication of hepatic air might be caufed by the depofition of 
fixed air from the atmofphere, 1 threw fome pulverifed calca¬ 
reous hepar into aerated water, and by the application of heat 
endeavoured to obtain hepatic air, but in vain: and, indeed, 
the very circumftance that the hepatic fmell, and its effects, 
are always firongefl the firfl: inflant that a bottle of the 
hepatic folution is opened, feems to indicate that fixed air is no 
way concerned in its production. 

The beffc liver of fulphur is made of equal parts of fait of 
tartar and fulphur; but as about one-fifth of the fait of tartar 
confifts of air which efcapes during the operation, it feems, 
that the proportion of fulphur predominates in the refulting 
compound; yet as fome of the fulphur alfo fublimes and burns, 
it is not eafy to fix the exact proportion, ioo grams of the 
beft, that is, the reddeft liver of fulphur, afford, with dilute 
marine acid, about 40 cubic inches of hepatic air, in the tem¬ 
perature of 6o°: a quantity equivalent to about 13 grains of 
fulphur, as will be feen in the foquel. 

Von. LXXVI. R 
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The marine acid is the beft adapted to the produftion of 
hepatic air. If the concentrated nitrous acid be ufed, it will 
afford nitrous air; but having diluted fome nitrous acid, whofe 
fpecific gravity was 1,347, with 20 times its bulk of water, I 
obtained, with the aflifhnce of heat, as pure hepatic air aft 
with any other acid. 

The concentrated vitriolc acid, poured on liver of fulphui, 
affords but little hepatic air without the afliftance of heat, 
though it inftantly decompofes the liver of fulphur; and it is 
partly for this realbn that the proportion of air is fo fmall; for 
it is during the gradual decompofitiou of fulphureous com- 
pounds that hepatic air is produced. 

Diftilled vinegar extricates this air in the temperature of the 
atmofphere j but it is not pure, its peculiar fmell being mixed 
with that of vinegar. 

The add of fugar alfo produced fome quantity of this air in 
the temperature of 59 0 . 

20 grains of fedative folt y or acid (as it fhould more properly 
be called) difiblved in an ounce of water, being poured on liver 
of fulphur, afforded hepatic air only when in a boiling heat, 
or nearly fo. 

Neither the aerial nor arfenical acids produce any. 

Liver of fulphur is foluble not only in water but in fpirit of 
wine, and in cauftic volatile alkalies; and the colour of both 
folutions is red. Sulphur is precipitable from the former by 
the addition of water or of an acid, but from the latter only 
by an acid. 

Having made fome liver of fulphur, in which the pro¬ 
portion of fulphur much exceeded that of the alkali, I 
poured on part of it fome oil of vitriol, whofe Ipecific gravity 
was 1,863: by this means 1 obtained hepatic air, fo loaded 

with 
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with fulphur, that it depofited fome in the tube through 
which it was tranfmitted, and on the upper part of the glafs 
receiver. This air I transferred to another receiver; but 
though it was then perfectly clear and tranfparent, and amounted 
to 6 cubic inches, yet the next morning the infide of the glafs 
was thickly lined with fulphur, and the air reduced to 1 cubic 
inch, which was pure vitriolic air. Hence it appears, firft, that a 
fpecies of elaftic fluid may exift in a ftate intermediate between 
the aerial and the vaporous, which is not permanently elaftic 
like air, nor immediately condenfed by cold like vapour, but 
which, by the gradual lofs of its fpecific heat, may be reduced 
to a concrete form, adly, That fo large a quantity of ful¬ 
phur may be combined with vitriolic air, as to enable it to ex¬ 
hibit the properties of hepatic air, for fome time at leaft. A 
mixture of three parts puiverifed quick-lime and one part ful¬ 
phur, heated to whitenefs in a covered crucible for one hour,' 
became of a ftony hardnefs, and being treated with marine 
acid, afforded hepatic air. If a piece of this ftone be heated 
in pure water it becomes bluifh, and hence the origin of the 
blue marles generally found near hot fulphurated waters. 

A calcareous hepar may alfo be formed in the moift way, as 
is well known. 

Magnefia free from fixed air, heated in the fame manner 
with fulphur, afforded no hepatic air when an acid was poured 
on it. 

I alfo procured this air from a mixture of three parts pilings of 
iron and one of fulphur, melted together, and treated with 
marine acid. It is remarkable, that this fulphurated iron, di£* 
folved- in marine acid, affords fcarce any inflammable, but 
moftly hepatic air. 

R 2 A mixture. 
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A mixture of equal parts filings of iron and fulphur, 
made into a pafte with water, after heating and becoming 
black, afforded hepatic air when an acid was poured on it; but 
this hepatic air was mixed with inflammable ail, which pro¬ 
bably proceeded from the uncombined iron. After a few days, 
this pafte loft its power of producing hepatic air. 

M. Bergman has remarked, that combinations of fulphur 
with fome other metals yield hepatic air. 

I attempted extrafting air from a mixture of oil of olives with 
cauftic vegetable alkali. It immediately whitened, and on ap¬ 
plying heat effervefeed fo violently as to pafs over into the 
receiver: nor had I better fuccefs on adding an acid, as I might 
well forefee. The event was different when on a few grains of 
fulphur I poured fome of the oil, and heated them in a phial 
with a bent tube; for as foou as the fulphur melted, the oil 
began to a<ft on it, grew red, and emitted hepatic air, fimilar 
to that produced by other proceffes. 

I alfo obtained this air in great plenty from a mixture of equal 
parts fulphur and pulverifed charcoal\ out of which its adventi¬ 
tious air had been as much as poffible expelled by keeping it a 
long time heated to rednefs, in a crucible on which a cover 
was luted, with a fmall perforation to permit the air to cfcape. 
This dr ; was inflammable, as appeared by holding a lighted 
eandle before it during its emiffion; *yet it is hardly poffible to 
free charcoal wholly from foreign air, for it foon re-attrafts it 
when expofed to the atmofphere. 

This laft mixture, when diftilled, affording a large quantity 
of hepatic and fome inflammable air, without the addition of 
any acid, I imagined, that as the retort was only half full, it 
might contain a fufficiency of atmofpheric air to admit the 
combuftion of part of the fulphur, and thus furnifh the necef- 
4 fary 
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fary acid; but when I filled the retort with air phlogifticated 
by the nitrous teft unto 1,8, and in this air diftilled the above 
mixture, the refult was exactly the fame as when the retort 
was filled with atmofpheric air. 

Six grains of pyrophorus, made of alum and fugar, efter- 
vefeed with marine acid, and afforded 2,5 cubic inches of he¬ 
patic air. This pyrophorus had been made fix years before, 
and was kept in a tube hermetically fealed, and for many fum- 
mers expofed to the ftrongeft light of the fun. It was fo com- 
buflible, that fome grains of it took fire while it was intro¬ 
duced into the phial out of which the hepatic air was expelled. 

A mixture of two parts white fugar (previoufly melted in 
order to free it from water) with one part fulphur, when heated 
to about 600 or 700 degrees, gave out hepatic air very rapidly. 
This air had a fmell much refembling that of onions; it con¬ 
tained no fixed air, nor faccharme, or other acid. But fugar 
and fulphur, melted together, gave out no hepatic air when 
treated with acids. Water, fpirit of wine, and marine acid, 
decompofe this mixture, diffolving the fugar, and leaving the 
fulphur. 

A mixture of fulphur and plumbago afforded me no hepatic 
air. 

I then tried whether fulphur could combine with elaftic 
fluids, and the refults were as follows. 

12 grains of fulphur, heated in a retort, filled with metallic 
inflammable air, afforded no hepatic air; though wheti the retort' 
was cold, and for fome time expofed to the dr, it finelled of 
hepatic air. It is true, the heat I applied might be infufficient; 
for the inflammable air palling over with a flight heat, the 
mercury afeended lb high into the neck of the receiver, that, 
fearing the rupture of the retort, I was obliged to interrupt 
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the operation. I had no better fuccefs when the fulphur, pre¬ 
vious to its diftillation, had been moiftened with marine acid. 

Again, I expofed 18 grains of liver of fulphur to fix cubic 
inches of fixed air , thermometer 70% for four days. The 
liver of fulphur was fomewhat whitened on the furface; the 
air had not an hepatic fmell, but rather that of bread. It was 
not converted into phlogifticatcd air, but feemed to have taken 
up fome fulphur, which lime-water feparated. It was not in 
the leaft diminilhed, and therefore feems to have received an 
addition of hepatic air, or rather of fulphur. 

I alfo expofed a quantity of fulphureo-martial pajle to fixed 
air, for five days. The fixed air was not diminilhed, but re¬ 
ceived a flight acceflion of inflammable air. The pafte itfelf, 
taken out of this air, and expofed to the atmofphere, heated 
ftrongly. 

Laftly, I expofed 3 grains of fulphur to about 12 cubic 
inches of marine air. It was not diminilhed in four days; nor 
was the fulphur fenfibly. On adding one cubic inch of water 
to this air, it was abforbed all to one inch, and this had an 
hepatic fmell; fo that neither was the fulphur decompofed, 
nor the marine acid converted into inflammable air. The wa¬ 
ter had alfo an hepatic fmell, and evidently contained fulphur; 
for it precipitated the folution of filver brown mixed with 
white, and the nitrous folution of copper reddi/h brown, and 
when vegetable fixed alkali was dropped into it, let fall a white 
precipitate, namely, the fulphur. 


SEC- 
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SECTION II. 

Of the general Characters of Hepatic Air. 

\ 

I found the abfolutfe weight of this air by weighing it in a glafs 
bottle, previoufly exhausted by Mr. Hurter’s new improved air- 
pump, whofe effedt is fo confiderable as to leave in general only 
and frequently but part of unexhaufted air. This 
bottle contained 11 6 cubic inches nearly; and this quantity of 
hepatic air weighed 38,58 grains, the thermometer being then 
6?°,$, the barometer 29,94, and M. Saussure’s hygrometer 
84°, the weight of 116 cubic inches of atmofpherie air 
being at the fame time 34,87 grains; hence a cubic foot of- 
hepatic air weighs, in thefe circumftances, 574,7089 grains,, 
and 100 cubic inches of it weigh about 33 grains; and its 
weight, relatively to that of common air, is as 10000-to 9038 *. 
This hepatic air was extracted from artificial pyrites by marine 
acid. 

The inflammability of this air has been already mentioned. - 
Tt never detonates with common air ; nor can it be fired, in a 
narrow-mouthed veflel, unlefs mixed with a confiderable pro¬ 
portion of this air. M- Scheele found it to inflame when 
mixed with two-thirds of this air. According to M. Sennebier. 

* Hence the weight which'I have afligned to common air in my fif-ft paper, after 
M. Fontana, is evidently erroneous; and, indeed, by that determination com¬ 
mon air would not be even joo times lighter than water, in the temperature of 
55°, and the barometer 29,5, which contradi&s all barometrical and aeroifattic 
experiments: and I cannot omit mentioning the very near agreement of the weight 
of common air here found with that refulting from the calculation of Sir George 
Shvckbvrgh, it is fo great as to differ only by 2 grains in a cubic foot. 
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it cannot be fired by the eledric fpark, even when mixed with any 
proportion of refpirable air. I found a mixture of one part of he¬ 
patic air and 1,5 of common air to burn blue, without flafhing 
or detonating. During the combuflion fulphur is conftantly 
depofited, and a fmell of vitriolic air is perceived. A mixture of 
half hepatic and half nitrous air burns with a bluifh, green, 
and yellow lambent flame j fulphur is alfo depofited, and in 
proportion as this is formed, a candle dipped in this air bums 
more weakly, and is at lafl extinguifhed. A mixture of two 
parts nitrous and one of hepatic air partially burns, with a 
green flame, and a candle is extinguifhed in the refiduum, 
which then reddens on coming in contact with atmofpheric air, 

I made a mixture of one part nitrous and one part hepatic air, 
and to this admitted one part alfo of common air; the inflant 
the common air was introduced, fulphur was precipitated, 
and the three meafures occupied the fpace of 2,4 meafures; 
this burned on the furface with a wide greenifh flame, but 
the candle was extinguifhed when funk deeper. 

A mixture of four parts common air and one part hepatic 
burned blue and rapidly ; but a mixture of one part dephlo- 
gifticated and one part hepatic, which had flood eight days, 
went off with a report as loud as that of a piflol, and fo inflan- 
taneoufly that the colour of the flame could fcarce be difeerned. 

Every fpecies of hepatic air turns the tinSlure of litmus red.- 
M. Bergman feems to think, that, if this air were wafhed, 
it would not produce this effedl; yet, when I had paffed two 
meafures of it through one of water, or when I had boiled it 
out of water impregnated with it, or even when I paffed that 
which had already reddened litmus, into a frefh quantity of 
litmus, it flill preferved the fame property, which I therefore 
confider as effential to it. 


With 
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With refpeft to fallibility in water, hepatic airs extra&ed 
from different materials differ confiderably. In the temperature 
of 66 °, water diflolves, by flight agitation, two-thirds of its 
bulk of alkaline or calcareous hepatic air, extracted by marine 
acid; three-fourths of its bulk of martial hepatic air, extracted 
by the fame acid ; eight-tenths of that extracted by means of 
the concentrated vitriolic acid, or the dilute nitrous or faccha- 
rine acids in the temperature of 6o°; feven-tenths of fedative 
hepatic air; nine-tenths of acetous hepatic air, and of that 
afforded by oil of olives; and its own bulk of that produced 
from a mixture of fugar and fulphur. In general, I imagined 
that which required moft heat for its produftion to be moft 
foluble: though in fome inftances, particularly that of acetous 
hepatic air, that circumftance does not take place. 

But the moft remarkable phaenomenon attending the union 
of hepatic air with water is, that it is not permanent. Even 
water, out of which its own air had been boiled, in a few 
days after faturation with hepatic air grows turbid, and m a 
few weeks depofits moft of it in the form of fulphur, though 
the bottle be ever fo well flopped, or ftand inverted in 
water or mercury. Yet water no way decompofes hepatic air 
by abforbing it; for the part left unabforbed by a quantity of 
water is ablorbable by a larger quantity of water, and burns 
like other hepatic air. Heat does not expel this air from water, 
until carried to the degree of ebullition. 

No fpecies of hepatic air, which I have examined, precipi¬ 
tates lime from lime-water, except the carbonaceous; and even 
this fcareely produces a fenfible precipitation, unlefs a large 
quantity -of it be made to pafs through a fraall quantit_f'of 
lime-water. 

Vol. LXXVI. S 
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The folution of acetous baro-Jelenite , (that is, ponderous earth 
diffolved in diffilled vinegar) is rendered brown and turbid by 
this air* but that of marine baro-fehnite is not altered; nor are 
the folutions of other earths. Metallic folutions are affc&cd 
by it in the fame manner as by hepatic water, of which I fhall 
treat in the fifth fection. 

But of all the tefls of hepatic air, the moff delicate and fen- 
fible is the folution of fiver in the nitrous acid. This, according 
as the nitrous acid is more oriel's faturated with falver, becomes 
black, browu, or reddilh brown, by contact with hepatic air 
however mixed with any other air or fubffance. When the 
acid is not faturated, or is in large proportion, the brown or 
black precipitate, which is nothing but fulphurated filver, ia 
re-diffolved. 

It Ihouid alfo he remarked, that all hepatic air is fomewhat 
diminilhed by long Handing on mercury, whofe furface is then 
blackened by it. This is particularly the cafe of carbonaceous 
hepatic air, which certainly carries over and volatilizes part of 
the charcoal from which it is extracted, efpecially that portion 
of air which comes over in the greateff heat; this it dlepofits 
on the addition of water. 

SECTJQN III. 

Of the AStion of Hepatic and other Aerial Fluids on each other. 

Six cubic inches- of common and fix of hepatic air being 
mixed with each other, and Handing over mercury for eight 
days, were not in the leafl altered in their dimenfions or other- 
wife ; though a diminution of a -r^th part might be perotwed* 
The mercury was flightly blackened. The event was the fame 

when 
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when three meafures of common an J one of hepatic air were ufed. 
Water topk up the hepatic air. No fixed air was found. 

Five meafures of hepatic, and five of dephlogijlicated air fo 
pure that one meafure of it and two of nitrous air made only 
three-tenths of a meafure, remained unaltered for eight days, 
the mercury only being blackened. No fixed air was produced, 
lior the dephlogifticated air phiogifticated. When the mixture 
was fired, it went off all at once with a loud report. 

Four meafures of phiogifticated and four of hepatic air re¬ 
mained undimiiiifhed for fixteen days : water then took up the 
hepatic, and left the phiogifticated air. 

Four meafures of inflammable and four of hepatic air remaned 
unaltered for fix days. 

Two meafures of hepatic and two of marine acid air fuffered 
no diminution in three days. The mercury on which they 
ftood was not blackened. Water took up both, and precipitated 
the folution of filver black. 

The fame quantity of hepatic and fixed air remained four 
days without any fenfible diminution. Four meafures of water 
abforbed the greater part of both, had an hepatic fmell, preci¬ 
pitated lime from its folution, and alfo filver, as ufual. The 
refiduum extinguifhed a candle. 

But vitriolic , nitrous , and alkaline airs had very remarkable 
effe&s on hepatic air. 

Two meafures of hepatic being introduced to two of vitriolic 
air , a whitifh yellow depofition immediately covered both the 
top andfides of the jar, and both airs were, without any agi¬ 
tation, reduced to little more than one meafure; but the opa¬ 
city of the incrufted glafs prevented my then afcertaifiM^ the 
diminution with precifion. Hfence I repeated this experiment 
more at large, in the following maimer, To five, meaftires of 
vitriolic' air”(each meafure containing a cubic inch) I added one 

S * 0^ 
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of hepatic air. In lefs than a minute, without any agitation, 
the fides of the glafs were covered with a whitifh fcum, which 
feemed moift, and a diminution took place of more than one 
meafure. In four hours after, I introduced a fccond mcafurc of 
hepatic air, which was followed by a iimilar diminution anil 
depofit. The next day I added three more meafures of this laft, 
at the interval of four hours between each ; and ftill finding a 
conliderable diminution after each, I the following day added 
another meafure; the diminution produced by this laft ap¬ 
peared to me not to exceed one meafure. I then poured off the 
refiduary air into another jar, and found it not to exceed three 
meafures; fo that here eleven meafures, namely, five of vi¬ 
triolic' and fix of hepatic air, were reduced to three. Into one 
meafure of this refiduary air I introduced a lighted candle ; it 
was immediately quenched., To the two remaining meafures 
I added one meafure of water: by agitation it took up four- 
tenths of its bulk. To part of the remainder I added nitrous 
air, which had no effect upon it. Another part of it extin- 
guiflhed a candle. It had not a vitriolic fmell. 

The water which had taken up four-tenths of its bulk of 
this.’air did not precipitate lime; nor did it affedfc acetous baro- 
Menite in lefs than a quarter of an hour, and then produced a 
very flight cloud. It fenfibly reddened litmus, and precipitated 
the folution of filver white; and hence it appears to have taken 
up a very minute portion of vitriolic acid. And what was not 
taken up by water feems to have been mere phlogifticated air. 

I afterwards wafhed the fulphur, which coated the jar, with 
diftilled water. This water {lightly reddened litmus, precipi¬ 
tated not only the acetous, but alfo marine baro-felenite co- 
pioufly, as well as marine and nitrous felenite j alfo the nitrous 
folu|ions of filver, lead, and mercury, all white. It even 
a precipitated 
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precipitated lime from lime-water, forming a cloud in it, 
which neither the fixed nor volatile acid of vitriol can produce. 
Hence this water contained nothing hepatic; but, on the con¬ 
trary, a confiderable proportion of the aerial and vitriolic 
acids *. 

With nitrous air I made the following experiments. Firft, 

I found that two meafures or cubic inches of nitrous and two 
of hepatic air were little altered when firft mixed, even by 
agitation; but after thirty-fix hours both were reduced to 
nearly one-third of the whole, but fomething more. Yellow 
particles of fulphur were depofited both on the mercury, and 
on the fides of the jar, but the mercury was not blackened. 
The refiduary air had ftill an hepatic fmell, and was fomewhat 
further diminfthed by water; and in the unabforbed part a 
candle burned naturally. The water had all the properties of 
hepatic water. 

Perceiving, by this experiment that I- had not employed 
enough of nitrous air to condenfe the hepatic • perfectly, to • 
eight cubic inches of hepatic air I added nine of nitrous air, 
all at once; a yellowifh cloud iuftantly appeared, a flight white 
Icum was depofited on the fides of the jar, and the whole 
feemed diminifhed about two cubic inches, or between one- 
ninth and one-eighth, the temperature of the room being 
then 7 2°. I then laid by the mixture, and in forty-eight- 
hours after, I found the whole reduced to fix cubic inches, and 
the top and fides of the jar covered with a white cake of ful¬ 
phur, the heat of the room being conftantly kept between, 
and 70°. Finding the diminution to reach no furthg^h* 

« Note, the vitriolic acid air hero employed was the pureft 


extracted from fulphur drilled with precipitate^-//. j •• ■ 

‘r, V.i 
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twenty-four hours more, I examined the refiduary air. It 

exhibited the following appearances. 

1% It had the lmell of alkaline air pretty ftrongly; at leaft 
that fmell iffued from the jar that contained it after the air 
itfelf was poured into another jar. 

2°, A candle burned in it naturally. 

it did not afFedt tin&ure of litmus or lime-water, or ace- 

tous barytes. 

4°, No fpecies of air had any effeft: on it except the dephlo- 
gifticated, with which it produced a flight reduels and dimi¬ 
nution. 

5°, It produced a flight white precipitate in folutiott of 
lilver. 

It is plain, this air is the fame as that which Dr. Priest¬ 
ley calls dephlogifticated nitrous air , and which, I think, may 
more properly be called deacidijicd nitrous air. A further exa¬ 
mination of it would lead me too far from the prefeut fubjedt: I 
jhall therefore defer it until another opportunity. 

As it appeared to me, from the experiment mentioned ill the 
fecond 1 fedtion (in which I found fulphur precipitated from a 
mixture of nitrous and hepatic air, immediately after the ad- 
mifSon of common air) that an uncombined acid in the nitrous 
air was the caufe of the precipitation of fulphur ; I attempted 
depriving nitrous air of any loofe acid it might contain, before 
I fhould mix it With hepatic air. 

t I made fome nitrous air from filvcr very carefully over 
boiled ktid filtered water, and found it to contain an add, for it 
ftrongly reddened'tin fture of litmus. 

adly, I admitted' alkaline air to this nitrous dr until it no 
longer caufed any cloud, and then waflied out the ammoniacal 
colaj^und in diflilled water; after which I transferred this 

3 purified 
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purified nitrous air to the mercurial tub. It Appeared to lofe, 
by privation of its acid, about one-fixth of its bulk; and it was 
dimmifhed by common air juft in the fame manner as unpu¬ 
rified nitrous air is. 

Then to 8 cubic inches of this purified nitrous air I admitted 
all at once 7 cubic inches of hepatic air. No cloud, diminu¬ 
tion, or depofit, appeared; but in fix hours after (the tempera¬ 
ture of the room being all the time at 76°), the whole was 
reduced to 5 cubic inches; the diminution went no further 
eighteen hours after. Sulphur, much whiter than in the for¬ 
mer experiments, was depofited, and both in this and in the 
former experiments that part of it which, by the riling of the 
mercury, was intercepted between it and the jar, was of J a 
yellow and red Ihining colour, and not black as that depofited 
on mercury ufually is. The refiduary air flalhed with fo much 
vehemence as to extinguish the candle dipped into it, by the vio¬ 
lence of the blaft. The flame was exceeding white and vivid-; 
but it did not detonate in the leaf!, but rather refembled de- 
phk>gifticated air. The jar out of which it had been transferred 
had a fharp alkaline fmell. 

This air was not in the leaft diminilhed by nitrous air, even 
when hejited to 150 degrees; which heat I contrived to product 
by palling the upper part of the jar that contained this aif 
into another wider jar, furnilhed with a perforated cork bottom, 
and filling this with water heated to that degree. 

Water poured into the jar in which the fiulphuf was depo* 
flted, produced ft bluilh white cloud in fblution of filler, 

though infipid to the tafte. 1 

Kendo it appears to mo, that, whatever this- atf 

had been 4ea4dified by* hepatic m 631 a#®*® 

» that 
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that in which a candle burns naturally; and that it is by no 
means dephloglfticated. 

Laftly, Alkaline and hepatic airs, perfeflly pure and mixed 
in proper proportions, would probably deilrov each other com¬ 
pletely, though I have not been able to eiFc& this intirely. 
Six meafures of hepatic air from liver of fulphur and 6 of alka- 
liue air immediately throw up a white cloud, leave a wliitilh 
feum on the Tides of the jar, and are reduced-to about i mea- 
fure. On adding water this is reduced to about one-half; and 
in this I found a candle to burn naturally: but the following 
experiments, being made with more care, prove that this xeli- 
duary air was only the common air of the vefl'els. 

To 6 cubic inches of calcareous hepatic air I admitted, all at 
once, 7 of alkaline air; a white cloud and a little white icum 
at firft appeared; but in a few feconds the whole was reduced 
to fix-fe.venths of a cubic inch and on adding 2 raealures of 
water, only one-ninth of a cubic inch of air remained. This 
could not be inflamed. The water, thus impregnated, pre«i- 
pitated ,a folution .of filver black. In this experiment great 
care was taken to have each of the mixed airs as pure as poffi- 
ble, and the alkaline was admitted all at once, inftead of by 
different portions, merely with that view; and it is probable, 
that,- if the due proportion were hit upon, nothing would 
remain. T.he feum appears to be almoft liquid, and as foon 
as the jar is emptied of mercury, it breaks out into a white 
with an exceeding fharp urinous fmell. 

Five meafures of martial hepatic air were, upon the admiffioh 
of 5$ of alkaline air, reduced to fomething more than one mea¬ 
sure, and upon the addition of water there remained but half a 
jneafure; and this was inflammable, with detonation; -the 

inflammable 
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inflammable air undoubtedly proceeding from the folution of 
the iron. 

Five cubic inches of faccharine hepatic air, mixed with 5 of 
•alkaline air, were diminiftied more {lowly; for after five mi¬ 
nutes there ftill remained 4,5 cubic inches, I then added ano¬ 
ther meafure of alkaline air: in .three hours after there re¬ 
mained but 1,25 cubic inches. In palling this refiduum through 
•water it was reduced to about half a cubic inch; and this 
burned with a blue lambent flame, without leaving a vitriolic 
fmell or any depofit on the glafs; fo that it clearly was inflam¬ 
mable air from the fugar. 

I once imagined I had obtained inflammable air from a mix¬ 
ture of alkaline air with hepatic air drawn from liver of ful- 
phur; but I afterwards found this inflammable air proceeded 
from a very flight contamination of zinc in the mercury over 
which my «irs had been produced; the alkaline air aded on 
this zinc, and muft have produced the inflammable air; for 
ijvhen I afterwards received and mixed thefe airs over mercury, 
perfe&ly purified, I obtained no more inflammable air. 


S E C T I O N IV. 

Of the Aftion of Hepatic Air, and Acid , Alkaline , and Inflam¬ 
mable Liquids, on each other * 

One meafure of oil of vitriol, whofe fpecific gravity was 1,863, 

• abforbed two meafures of hepatic air all to one-tenth- The 
was whitened by a copious depofition of fulphur. I all# intro¬ 
duced, over mercury, a meafure of red nitrqus acid, w 
Ac gravity was 1,430, to an equal meafure of re ^ 
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vapours inffantly arofe, and only one-tenth or one-twelfth of 
a meafure remained in an aerial form; but as the acid afted on 
the mercury, I was obliged to carry the jar into the water tub, 
by which means the whole was ablbrbed ■ no fulphur v» as her& 
precipitated. 

I repeated this experiment in another manner. Having pro¬ 
duced 4,5 meaiures of hepatic air over mercury, I transferred 
them to the wateftub, and inftantly by means of a fyphon bleW 
into them one meafure of the above concentrated nitrous acid; 
but though I managed as quickly as pofilble, the hepatic air 
was fomething diminiflied bycontaft with the Water, before the 
acid had entered the tube that contained the Air. I then flopped 
the tube with a ground glafs Hopper, and laid it by for twelve 
hours; after which interval 1 fbtittd the liquor in the tube 
white and turbid, and but weakly acid, much Water having 
entered in fpite of my endeavours to exclude it. The remain¬ 
ing air flightly detonated on prefenting to it a lighted candle, 
and had an hepatic fmell. But as this hepatic air was obtained 
from fulphureo-martial pafte, it does not prove that inflammable 
air enters into the compofition of other hepatic airs, derived 
from the Union of fulphur with fubftances that do not yield 
inflammable air. 

Finding it fo difficult to fubjeft hepatic air to the direft 
a&ion of the concentrated nitrous acid, I diluted it to that pre¬ 
cise degree at which it could not aft on mercury without the 
uffrftance of heat, and then paffed through it an equal balk of 
the fifoe hepatic‘air; the acid was whitened, and eighteenths 
o '4 the air abforfcted* ind the refiduum detonated. Repeating 
the fame experiment with hepatic air from liver of fulphur, 1 
ifouiid Hill more of it abforbed by the acid; but the reiiduptm 

no 
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no longer detonated, but burned with a blue and greenifh. 
flame, and fulphur was depofited on the iides of the jar. 

Obferving this dilute acid to abforb nearly three times its 
bulk of alkaline hepatic air, I expelled this air from it by heat, 
but obtained only one-fixth. of the air that had been abfoibed; 
and in this a candlp burned naturally. 

Two meafures of alkaline hepatic air, being expofed to one 
of ftrong marine acid , were abforbed, by flight agitation, all to 
one-fifth of a meafure. A third meafure of air being then 
added, there remained, after fome agitation, but half a mea¬ 
fure, Sulphur was precipitated as ufual; but the mercury 
over which the acid flood attracted it from the acid; for it was 
blackened, which did not happen when the former acids were 
ufed. The refiduum burned juft as pure hepatic air. 

Dijlilled vinegar abforbs nearly its own bulk of air, and be¬ 
comes {lightly whitened ; but by agitation it may be made to 
take yp about twice it bulk, and then becomes very turbid. 

One meafure of caujlic vegetable alkali y whofe fpecific gra¬ 
vity was 1,043, abforbed nearly four meafures of alkaline he¬ 
patic ajr. It was at firft rendered brown by it; but after fome 
tirye it grew clear, fulphur was depofited, and the furface of the 
jnercury blackened. This {hews that alkalies are not dephlo- 
gifticated by filler or other metals, as Mr. Baume imagined, 
but only cleared of part of the fulphur, which they commonly 
contain, it being formed by the tartar vitriolate contained in 
the pl&nt, ayd coal, during comhuftion. 

One meafure of caujlic volatile alkali , whofe Ipecac gravity 
W«s 0*7387, Sbfofbed 18 of hepatic air. If the cauftic %uor 
contained mote $wJi, it .would abforb more hepatic if 

mafims of hematic }injte,!K> ,7 °f ‘Ik# 1 ? 1 “fyllfc*' , 

length of aikaljce ai «3 tbajr, real, 9 PSE$?$ S * } jnay be 
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determined better than by any other method. -Alfo the fmoak- 
ing liquor of Boyle, which is difficultly prepared in the ufual 
way, may eafily be formed by placing the volatile alkali in 
the middle glafs of Dr. Nooth’s apparatus for making arti¬ 
ficial mineral waters, and dccompoling artificial pyrites, or liver 
of fulphur, in the lower glafs, by marine acid. 

Oil of olives abforbs nearly its own bulk of this air, and ob¬ 
tains a greenifh tinge from it. 

But new milk fcarcely abforbs one-tenth of its bulk of this 
air, which is very remaikable, and is not in the leaft coagu¬ 
lated. 

0/7 of turpentine alfo abforbs its own bulk of this air, and 
even more; but then becomes turbid, 'W"ater looms alfo to 
precipitate this air from it, for when lhaken with it a white 
cloud appears. 

Spirit of wine , whofe fpecific gravity was 0,835, abforbed 
nearly three times its bulk of this air, and became brown. By 
this means fulphur may be combined with fpirit of wine much 
more ea% than by Count Lauragais’ method, thtf only 
hitherto known. Water precipitates the fulphur in part. 

Sulphurated fpirit of wine does not tinge litmus red j but it 
precipitates lime-water, as highly rectified fpirit of wine fingly 
does. It alfo precipitates and'gives a brown colour to acetous 
baro-felenite, which fpirit of' wine alone alfo does. It turns 
the folutiont of filver black and reddifh brown. Concentrated 
vitriolic acid precipitates the fulphur from it, which neither the 
nitrous nor marine acids can effect. 

When hepatic air is mixed with an equal bulk of vitriolic aether^ 
the bulk of the air is at firft increafcd; but afterwards half of 
it is abforbed, and a flight precipitation appears. The fmeil of 
the aether is mixed with that of the hepatic ait; but on adding 
3 water 



on Hepatic Air . 

water it becomes very offenfive, refembling that of putrefying 
animal fubftances. 

To one meafure of hepatic air I added 1,5 of the nitrous 
folution of fiver : the air was immediately, without agitation, 
reduced to half a meafure, and the folution blackened. The 
remaining air admitted a candle to bum naturally. Hepatic air 
was alfo abforbed, but not fo readily, nor in fuch quantity, by 
the folution of vitriols of iron and fiver ; that of filver was 
blackened; that of iron at firft became white, but by agita¬ 
tion darker. The refiduary air burned blue, as hepatic air 
ufually does. 


SECTION V. 

Of the Properties of footer jaturated with Hepatic Air* 

This water turns tin&ure of litmus red. 

It does not affeft lime-water. 

It does not form a cloud in the folution of marine, though 
It does in that of acetous baro-felenite. 

The folutions of other earths in the mineral acids are not 

altered by it. 

When dropped into a folution of vitriol of iron or marine 
fait of trim, it produces a white precipitate.' - 

In nitrous fait of copper it caufes a brown precipkaW,’ and 
the liquor is changed from blue to green. The precipitate re- 
diiflTolves by agitation. In"vitriol of copper it forms a black 

precipitate. . ‘ ' ^ / , ’’ 

Thd folution of tin' in aqua regia is 'precipitated byirof a 

yellowiih wlute’coteuf) khtf of gold, • tbat.$ of 

< > ( r , Antimony> 
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antimony) red and yellow; that of platina, red mixed with 

white. 

The folution -of fiber in the nitrous acid, and alfo that of 
had) whether in the acetous or nitrous acid, arc precipitated 
black. If the folutions arc not perfectly faturated with metal, 
the precipitates will be brown or reddifh brown, and may be rc- 
dilTolved by agitation. 

The nitrous folution of mercury is .precipitated of a yellowifh 
brown ; that of fublimate corrofive, yellow mixed witli black; 
but by agitation it becomes white. 

The nitrous folution of hifmuth becomes, by mixture with 
this water, reddifh brown, and even aflumes a metallic ap¬ 
pearance; that of cobalt becomes dark; that of of a 
dirty white; that of arfenk, in ‘the fame acid, yellow mixed 
with, red and white, orpiment and realgar being formed. 

If oil of vitriol , whole fpecifie gravity is 1,863, he dropped 
into hepatifed water, it renders it {lightly turbid; but, if the 
volatile vitriolic acid be dropped into it, a blui/h white and 
much denfer qloud is formed in the water. 

Strong nitrous arid , whether phlogifticated or not, caufes a 
copiftH)# white precipitation; byt dilute nitrous acid produces no 
change. Green nitrous acid, whofe fpeciftc gravity was 1,328, 
.precipitated fulphyrfrom it. 

Strong marine acid produced a flight cloud; but neither 
filled Vinegar yor acid of fugar had any cffe&. 

It ,js faid.hy^Er. Bergman, that hepatifed water in a well 
clofstf } y«{$el a folution of iron in a few days; but this 
experiment, on repeated trials, did not fucceed with me; nqt 
could I diffolve other metal in this water; the fulphur 
indeed unite? to many of'them, hut dorms j#9 iafolnble a^a&; 

' 2 ft 
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fo that, I prefome, metallic fubftanees can never be found hi 
hepatifed mineral waters. 


SECTION VI. 

Of the Properties of Alkaline Liquors impregnated with Hepatic 

Air . 

I have already mentioned the proportion of air they are able 
to take up. Coldu fiefs fixed alkaline liquors receive a brownifh 
tinge from this air. The refiduum they leave is of the fame 
nature as the part they abforb. 

A cauftic fixed alkaline liquor, fiatu rated with this air, precipi¬ 
tates barytes from the acetous acid, of a yellawifli white colour. 
It alfa decorhpofes other earthy fohmatis, and the colour of the 
precipitates tdries according to their purity, and perhaps this 
tJft might bO fo far Improved as fo fupply the place of the 
PrUfiian alkali. 

It precipitates the folution of vitriol of iron , and alfo ma- 
finC fait of iron, black; but this latter generally whitens by 
agltatrbn. That which I ufed Was very faturate. 

*ttie fdlutiitas of fiver and lead are alio precipitated black 
with fome mixture of white; that of gold is alfo blackened j 
but that of pdatifea becomes brown. 

Solutions of -coppbr let fall a feddifh black or brown preci¬ 
pitate. 

Sublimate btfrofhe fey this teft difcovers a precipitate partly- 
white and blaiik, and partly orange jrad greeaifh. 1 

111 She Mttbfca fol«^ia jpf atfemc it for m a 
orange; and in that Of fl&ilkref mmatiy, m an 
Orange precipitate mixed with black. 


iNitious 
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Nitrous folution of zinc, thus treated, fliews a dirty white; 
that of bifmuth a brown mixed with white; and that of cobalt 
a brown and black precipitate. 

As PruJJian alkali always contains fome iron, it gives a pur¬ 
ple precipitate with this tell, which precipitate is eafily drl- 

iolved. 

It turns tin&ure of raddilhes, which is my teft for alkalies, 
green. 

The a&ion of liver of fulphur on metallic fobftances in the 
dry way is delcribed by many authors, and particularly in an 
excellent Differtation by M. Engestrom; but its a&ion in 
the mo iff way has not been mentioned, as far as I recollect, by 
any. Hence I tried its effe& on a few grains of iron, cop¬ 
per, lead, tin, zinc, bifmuth, regulus of antimony, and 
of arfenic. Putting each into a bottle, containing about three 
half ounces of liquid liver of fulphur, fo far diluted that its 
colour was yellow j in about fifteen days I found they all, 
except the zinc and tin, had attrafted fulphur from the fixed 
alkali. Iron, arfenic, and regulus of antimony and lead, were 
moft altered; copper next, and bifmuth leaft: but the liquors 
held none of the metals in folution; that which contained iron 
became green; on adding an acid fulphur was precipitated; if 
it held iron it could not at that period be dete&ed. 

Water faturated with the condenfed refiduum of alkaline and 
hepatic air, that is, with the pureft volatile liver of fulphur, 
does not precipitate marine felmite, though it forms a flight 
brown and white cloud in that of marine baro-fiknite. 

It produces a .black precipitate in the folution of vitriol of 
iron , and a black and white in that of marine fait of iron i hut 
Jhrjr agitation this lafl: becomes wholly white. 


It 
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It precipitates both vitriol of copper, and the nitrous fait of 
copper, red and brown. 

Tin in aqua regia gives ayellowifh precipitate; gold a dilute 
yellow and reddifh brown; platina a flefh-coloured precipitate; 
and regulus of antimony a yellowifh red. 

Silver is precipitated black; and fo is lead both from the 
nitrous and acetous acids. 

Sublimate corrofve appeared for an inftant red; but foor. after 
its precipitate appeared partly black and partly white. 

The nitrous folution of bifmuth affords alfo a precipitate, 
partly black, partly white, and partly reddifh brown, and of 
a metallic appearance; that of cobalt is alfo black or deep 
brown. 

Arfnical folutions give yellow precipitates more or lefs red; 
but thofe of zinc only a dirty white. 

All thefe colours vary in fome degree, according as the 
liquors are more or lefs faturated previous to and after their 
mixture, and the time they have flood together. 


SECTION VII. 

Of the Confutation of Hepatic Att. 

From an attentive confideration of the above experiments, 
which I purpofely difengaged from all theory, it is difficult to 
conclude, that hepatic air confifts of any thing elfe than ful* 
phuf itfelf, kept in an aerial flate by the matter of heat. 
Every attempt to extract inflammable air from hepatic air, 
when drawn from materials that previoufly contained nothing 
inflammable^ namely, flfom alkaline or calcareous hepars, 
Vol. LXXVL U F OTed 
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proved abortive: on the contrary, whetr the materials could 
previoufly fupply inflammable air, as when martial carbonaceous 
and faccharine compounds were employed, inflammable air, in 
ever fofmall a proportion, was detected : nor could hepatic air 
be procured from the direct union of inflammable air and lul* 
phur, as we have fecn. 

Some have imagined, that this air confifis of liver of ful- 
phur itfelf volatilized, and confequently that an alkali enters 
into its compofirion; but many weighty reafons oppofe this 
fuppofition. In the firfl: place this air is evidently, though 
weakly acid, fince it reddens litmus, and precipitates acetous 
baro-felenite. adly. It may be extracted from materials that 
either contain no alkali at all, or next to none, as iron, fugar, 
oil, charcoal: and, laftly, it is not decompofedby marine or fixed 
air, by which, neverthelefs, liver of fulphur is decompofable. 

I formerly thought that fulphur was held in folution in he¬ 
patic air, either by vitriolic or marine air; yet though both of 
them may hold fulphur in folution, as we have feen, frill neither 
of them is efiential to the conflitution of hepatic air as fuch, 
fince it is producible from materials that contain neither of 
thefe acids; and, from whatever fubjeft it is obtained, it exhibits 
the charafters of one and the fame acid, namely, the 'vitriolic 
exceedingly weakened ; and fuch an acid we may fuppofe fulphui 
itfelf to be. 

In efifed!, fulphur, even in its concrete ffate, affords many 
char after s of acidity. It unites with alkalies, calcareous and 
ponderous earths, and moft metals, as a weak acid might: 
and except a manifeft folubility in water (a property which 
fome other concrete acids alfo pofiefs in a very weak degree) it 
exhibits every charafter of acidity. But its acidity is the weakefi 
,ppffible, fince it decompofes only acetous, and not marine baro- 

felenite. 
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felenite, and is feparable from alkalies and earths by all other 
acids. 

That the matter of heat enters into the compofition of this 
air, is evident from the experiments of M. Scheele, who paid 
particular attention to that objed. He found, that acids excite 
much lefs fenfible heat in uniting with liver of fulphur , whe¬ 
ther alkaline or calcareous, than while uniting with a propor¬ 
tion of cauftic fixed alkali or lime equal to that which enters 
into the compofition of thofe livers; whence he juftly infers, 
that the difference enters into the compofition of the hepatic air 
produced. I have proved the fame thing another way: for, 
inftead of decompofing an alkaline hepar by marine acid, I 
tried to decompofe it by a faturate folution both of marine 
felenite and marine Epfom. The decompofition indeed took 
place, -but no hepatic air was produced: for the acid having 
given out its fpecific heat on uniting to the earths, had none 
to lofe or communicate on uniting to the alkali, and confe- 
.quently the fulphur receiving none could not be thrown into 
an aerial ftate. 

It is remarkable, that bodies capable of an aerial form re¬ 
ceive the latent heat neceffary for that form, much more rea¬ 
dily from a bocly that parts with its fpecific heat than by the 
mere application of fenfible heat. Thus aerated barytes can¬ 
not be decompofed by mere heat, as Dr. Withering has 
fhewn, though its air is eafily feparated from it by an acid; 
and in the fame manner antimony cannot be defulphurated 
even by vitrefa&ion, though it may by acids: fo liver of ful¬ 
phur will not give hepatic air by mere heat, though it will 
by the intervention of $n acid, even the weakefh The reafbn 
of which feems to be this: the matter of heat has no parti¬ 
cular affinity with any fubflance, as is evident from its paffing 

U a indifferently 
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indifferently from any hot body to a colder, of whatever fort 
or kind the bodies may be; but it is determined to unite with 
this or that body in a latent ftate, in greater or lefler quantity, 
in proportion to the greater or lelfer capacity of thefe bodies to 
3-eceive it. Now acids, by uniting to the alkaline bafts of 
liver of iulphur, expel the fulphur, and give it their heat, at 
the infant the fulphur, by its feparation, has the capacity to 
receive it; whereas fenfible external heat, a&ing alike on both 
the conftituent parts of liver of fulphur, feparates neither; or 
if it feparates them, yet, by its fuccejfive action, it throws one 
of them into a vaporous ftate firft, and bodies that jirjl acquire 
this ftate can never after acquire an aerial ftate by any Jubfe- 
quent acceffion of heat. 

The vitriolic and nitrous acids are lefs adapted to the pro¬ 
duction of hepatic air than the marine acid, though they con¬ 
tain more fpecific heat than the mere acid part of the marine 
acid: the moft probable reafon of which is, becaufe they have 
a ftrouger attraction to fulphur itfelf, and fo detain it. 

Hepatic air is much difpofed to give out its latent heat, par¬ 
ticularly when in contad with fubftances to which it has any 
affinity; thus it is condenfed in water in a few days; it is alfo 
condenfed by long expofure to frefh furfaces of mercury or filver 
or other metals, particularly if they are moift. M. Bergmak 
found it in great meafure condenfed into fulphur, when in- 
doled alone in a bottle *. In this cafe it probably contained air 
excefs of fulphur; for hot hepatic air is capable of keeping a 
farther quantity of fulphur in fblution, and depofing it when, 
cold, as I have frequently obferved. 

v * See a note in the fecond volume of M. Morveau’s tranflstion of the fecond’ 
wfame of Bergmak’s Works, p. 341, __ 

T C The 
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The precipitation of metallic fubftances by this air is owing 
partly to the union and phlogiftication of the acids by this air, 
and partly to its union with the metals themfelves, for it e\ i- 
dently unites in moft cafes to both. 

As alkalies and fulphur are known to have an affinity to each 
other, we eafily unde, Hand why hepatic and alkaline airs are 
condenfed when miced with each other j nor is theie any dif¬ 
ficulty in conceiving why hepatic air is not condenfed by com¬ 
mon, dephlcgifticated, inflammable, or phlogiflicated airs, or re¬ 
markably by marine air; but it feems very extraordinary, that 
hepatic air and vitriolic air fhould be condenfed, and in great 
meafure converted into fulphur by their mutual a&ion on each 
other, particularly as they both feem nearly of the fame fpe- 
cies, or at leaf: nearly allied to each other. The attra&ion of 
two bodies, thus circumftanced, is certainly very extraordi¬ 
nary; yet that their union proceeds from attraction feems pretty 
evident, for concentrated vitriolic acid, and particularly vola¬ 
tile vitriolic acid, precipitates fulphur copiouflv from hepatifed 
water. Volatile vitriolic acid frequently holds fome fulphur in 
folution, as appears from the experiments of Dr. Priestley 
and M. Berthollet ; and hence it depofits fome when it lofes 
its aerial form, or by mere length of time; but the whole of 
this condenfed air is not turned into fulphur, for the water that 
wafhed the precipitated fulphur took up a quantity of volatile 
acid and fixed air, as has been fhewn. 

The condenfation of hepatic air by nitrous air feems owing 
to the fame caufe 4 for when the nitrous air was in great degree 
deprived of fuperfluous acid, the condenfiition of the hepatic 
was much flower; and that which after all took place feems 
to have been effected by the decompofition of the nitrous air, 
and the confequent extrication of an acid. 

The 
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The decompofitions effected by fixed and volatile livers of 
fulphur obviotifly proceed in moil cafes from a double affinity. 


SECTION VIII. 

Of Phofphoric Hepatic Air. 

As phofphorus, in refpect to its conftituent parts, bears a 
flrong refemblance to fulphur, I was naturally led to examine 
its phenomena when placed in the fame circumftances: I 
therefore gently heated about io or 12 grains of phofphorus, 
mixed with about half an ounce of cauftic fixed alkaline folution, 
in a very frnall phial, furnifhed with a bent tube, and received 
the air over mercury. Upon the firft application of heat two 
fmall explofions took place, attended with a yellow flame and 
white fmoke, which penetrated through the mercury into the 
receiver j thefe were followed by an equable production of air. 
At lafl the phofphorus began to fwell and froth, and fearing the 
rupture of the phial, I flopped the tube to prevent the accefs 
of atmofpheric air, and removed the phial to a water tub, 
intending to throw it in; but in the mean while the phial 
burft with a loud explofion, by reafon of an obftrudtion in the 
tube, and a fierce flame immediately iffued from it. However 
I obtained about 8 cubic inches of air. 

This air was diminifhed very flightly, by agitation with an 
equal bulk of water, and then became cloudy like white fmoke, 
but fbon after recovered its tranfparency. Upon turning up 
the mouth of the tube to examine the water, the unabforbed 
air inftantly took fire, and burned with a yellow flame without 
exploding, leaving a reddifh depofit on the fides of the tube. 

Water 
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Water impregnated with phofphoric air, and over which this 
air had burned, (lightly reddened tincture of litmus: 

Did not affed Pruffian alkali: 

Had no effect on the nitrous folutions of copper or lead, zinc 
or cobalt, nor on marine folution of iron or tin , or of tin in 
aqua regia, nor on the vitriolic folutions of iron , copper , tin, 
lead, zinc , regains of antimony, arfenic , or manganefe ; nor on 
the marine folutions of iron , copper, lead, zinc, cobalt, arfesiic, 
or manganefe. 

But it precipitated the nitrous folution of fiver black, and 
vitriol of filver brown; alfo nitrous folution of mercury made 
without heat brown and black; but vitriol of mercury fil'd 
became reddifh, and afterwards white; and fublimate corrofive 
yellow and red mixed with white. 

Gold diffolved in aqua regia is precipitated purplifh black, 
and from the vitriolic acid brownifh red and black; but regulus 
of antimony in aqua regia is precipitated white by this phof- 
phorated water % 

The nitrous folution of bifmuth (hewed firfl a white, and 
prefently after a brown precipitate. Vitriol of bifmuth and 
marine fait of bifmuth were alfo precipitated brown; this latter 
re-diffolved by agitation. 

The nitrous folution of arfenic alfo became brown, but re- 
diffolved by agitation. 

I afterwards impregnated fome water with this air, without 
fuffering the air to burn over it: it fcarcely affefted litmus, 
did not precipitate lime-water; but it caufed a black precipitate 
in folution of filver, a white precipitate of regulus of antimony 
in J5L, and a whitifh yellow in that of fublimate corrofive. 

To a meafure of this air I let up a meafure of water, and 

through this fome fmall bubbles of common afr * e7er J bubble 

flamed 
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flamed and produced a white fmoke until about half as much 
common air was introduced as there was originally of phofpho- 
tic; and yet the original bulk did not appear increafed; the 
flame each time produced a fraall commotion, and a fmoke de- 
loaidsd after inflammation into the water: when flame ccafed 
t ^ be produced, fmoke frill followed the introduction of more 
common air. Bubbles of phofphoric air, efcaping through 
mercury into the atmofphere, flame, crackle, andfmell, exactly 
like the electric fpark *. 

To a meafure of phofphoric air I let up a half meafure of 
nitrous air: a white fmoke appeared, with an exceeding flight 
diminution, and the tranfparency was foon reftored, a flight 
feum being depofited on the Tides of the jar. Another half 
meafure of nitrous air produced no fmoke or diminution; but 
on adding water, and agitating the air in it, much more of it 
was abforbed. Upon turning up the jar the nitrous air firfl: 
efcaped in the form of a red vapour, and this was followed by 
a whitifh fmoke. The wafer had a phofphoric fmell, and pre¬ 
cipitated the folution of filver brown. In this experiment the 
acid of the nitrous air feems to have a&ed the fame part that it 
does in hepatic air. 

Phofphoric air was fcarce at all diminiflied by the addition of 
an equal meafure of alkaline air ; and water being put up to 
thefe, took up in appearance little elfe than alkaline air, yet 
on tur ning up the mouth of the jar, the refiduary air fmoked 
without flaming. 

* A few months after I made thefe experiments on phofphoric air, the tenth 

volume -of the Mdmoires des Savans Etrangers was publiflied; and in this I 
found, that the fpontaneous inflammation of this air was known to M. tint- 
-GEMBR.E in the year 1783. His experiments are now publifhed ia Rozier’s 
Jitemal for Odober, 1785. 


The 
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The water, thus impregnated, had exactly the fmell of onions. 

It turned tin&ure of radifiies green. 

It precipitated folution of fiber black ; and that of copper in 
the nitrous acid brown; but this precipitate was re-diffolved by 
agitation, and the liquor became green. Sublimate corrofive 
was precipitated yellow mixed with black. 

Iron was precipitated white, both from the vitriolic and 
marine acids; but a pale yellow folution of it in the nitrous 
acid was not affedted ; and a red folution of it in the fame acid 
was only congrumated. 

Regulus of antimony in aqua regia gave a white, cobalt in 
nitrous acid a very flight reddifh, and bifmuth in the fame acid 
a brown precipitate. 

But neither the nitrous folution of lead or zinc , nor that of 
tin in marine acid or aqua regia, nor that of regulus of anti¬ 
mony in aqua regia, were any way affedted. 

Fixed air , mixed with an equal proportion of phofphoric air, 
produced a white fmoke, fome diminution, and a yellow de- 
pofit. On agitating the mixture in water, the fixed air was 
taken up all to one-tenth. The refiduum fmoked, but did 
not inflame Ipontaneoufly. 

To a fmall portion of phofphoric air I introduced fome 
precipitate per fe. It foon grew black, and a white fmoke 
appeared. In two days the precipitate remained folid, yet 
acquired a Ihining pale white 'colour, like that of fteel: the 
air loft its fpontaneous inflammability; but I am not certain 
that this want of inflammability did not proceed from fome 
other caufe; for two days after I made this air, I found a quan¬ 
tity of it, which had reftedall night on water, had depofited a 
yellow fcum on the fides of the jar, and loft its fpontaneous 
inflammability next morning. The temperature of the air was 
Vol. LXXVI. ' X ‘hai 
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then 53 0 ; and when it inflamed before, the temperature 

was 68°. 

From thefe few experiments, which the fmall quantity of 
air I then obtained did not fuffer me to repeat, I think we may 
conclude, that phofphoric air is nothing elfe but pholphorus 
itfelf in an aerial ftate, and differs from fulphur in this, among 
other points, that it requires much lefs latent heat to throw it 
into an aerial form, and hence may be difengaged from fixed 
alkalies, without the afliftance of an acid. 




t *S 5 ] 


VI. Qbftrvahons on the Affinities of Subfances in Spirit of Wine , 
In a Letter to Richard KLinvan, Efq. F. R. S. by John 
Elliot, M. D. 


Read January 19, 1786. 


SIR, 

I N your excellent papers on the attractive powers of the 
mineral acids, you fhew that metallic calces have ftronger 
attractions to thofe acids, than alkalies and earths. The fol¬ 
lowing experiments not only confirm this doctrine, but alfo a 
pofition that I have lately ventured to advance *, “ that cer- 
“ tain decompofitions will take place in fpirit of wine, which 
“ will not at all in water, nor in the dry way.” 

I have fhewn, that if expreffed oil be mixed with flaked 
lime into a pafte, fo as to form calcareous foap, and mild 
alkali be added, the latter will not decompofe the former, 
either in water or by fufion. But that if fpirit of wine be 
fubftituted for water, an alkaline foap and mild calcareous 
earth will be formed. As fea fait contains the foffil alkali, and 
as by your table of affinities acids have ftronger attradlion to 
metallic calces than to alkalies, I concluded, that if fea fait 
were added to a metallic foap, a fimilar double decompofition 
would take place. 

* la an Appendix to the fecond edition of the “ Elements of the Branches of 
'** Natural Pbilofophy connected with Medicine.’* 

X 2 To 
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To try this I took Tome diachylum, which had been bought 
at Apothecaries-Hall, and added to it Tea fait; then covered 
them to a fufficient height with fpirit of wine, and fet the 
bottle over the fire. Soon after they had boiled, the decom- 
pofition of the diachylum began to be apparent. When the 
boiling had continued fome time, I removed the veflel from 
the fire, and after it had flood a few minutes, decanted the 
clear liquor while hot; then evaporating it, obtained a true 
alkaline foap. The refiduum of courfe contained a quantity of 
calx of lead, combined with marine acid. 

But much of the diachylum remained either wholly or 
partly undecompofed: I therefore added more fea fait and 
fpirit of wine, and obtained a further yield of foap. But 
though much fea fait remained behind, diachylum was ftill 
found in the refiduum. I found, indeed, that if the ingre¬ 
dients were previoufly freed from their water, the procefs fuc- 
ceeded to fomewhat better advantage. 

From five ounces of diachylum I did not get quite three 
ounces of foap. This foap was likewife foft, and contained a 
portion of oil not combined with a fufficient quantity of alkali. 
The oil, I fuppofe, had exifted in a fimilar ftate in the diachy¬ 
lum : and I remarked, that as the fpirit evaporated, it gave 
out the true foap firft, the unfaturated oil not till afterwards; 
lb that the latter might eafily be obtained feparate from the 
former. 

If too much fait was employed, much of it was taken up 
by the liquid, and communicated to the foap, at leafl: if the 
ingredients had not been previoufly deprived of their water. 
To feparate this fait I difl’olved the foap in hot water. When 
the liquor was cold, the foap floated at top, the fait remaining 
in the water underneath. If too little fait was ufed, this 


inconvenience 
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inconvenience did not happen, or not in fo great a degree, 
though then lefs- foap was of courfe obtained. 

As diachylum, though with a greater proportion of litharge, 
and boiled longer than that I had from the Hall, ftill con¬ 
tained oil not fufficiently faturated, I made the metallic foap 
in another way. To a folution of fugar of lead in water I 
added a folution of alkaline foap in the fame liquid. A double 
decompolition took place, the oil uniting with the calx of lead, 
the alkali with the acid of fait. Ufing this metallic foap in- 
ftead of the other, I obtained an alkaline foap harder and 
more perfect than in the preceding procefs ; but ftill found that 
part of the oil remained with the calx of lead in the refiduum, 
and adhered fo firmly, that repeated quantities of fea fait and 
fpirit of wine did not wholly feparate it. 

As I have given this procefs more with a philofophical view 
than any other, I have been thus particular in my account of' 
it, to fhew that however eligible it may appear at firft view, it 
will not anfwer for making foap for common fale. The alkali 
indeed is procured much cheaper than from barilla, as the lead 
may be revived and re-calcined into litharge. But the whole 
of the oil or fat cannot eafily be converted into foap, though 
in order the better to effebt it, I have mixed fand with the 
diachylum: and as the oil and litharge muft, in the large 
way, be united by boiling, a confiderable part of the former 
will not be fufficiently faturated. Fuel muft be ufed, not only 
for forming the metallic foap, but likewife for decempofing 
that foap, and then diftilling off the fpirit, which will alfo 
require additional, time and labour. The quantity of fpiric 
of wine loft, though the procefs (fo far as that liquid is con¬ 
cerned) be performed in a ftill, will alone nearly counter¬ 
balance the faving in refpebt to alkali. And in the procefs itfelf 

there 
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there is confiderable danger, not only of the fpirit taking fire 
from the carelefliiefs of the workmen, but likewife from the 
frequent explofions that happen during the decompofition of the 

metallic ibrp. 

As in the experiment with calcareous earth and mild alkali, 
fo in this, I found that the decompofition would not take place 
when water was ufed, nor by fuiion. In the latter cafe, I 
found that the fait was fo ftroaglv attracted, that it quitted 
its water of cryfiallifation to unite to the metallic foap. If 
fpirit of wine was added to this mafs, a double decompofition 
took place, as already deferibed. 

Inftead of fea fait, I added to diachylum Glauber’s fait, freed 
from its water of cryftallifation by heat. I expefted that it 
would have ached on the metallic foap more lpeedily than the 
fea fait; but the contrary appeared on trial. On adding a 
fmall quantity of fal l'odce, the decompofition went on better, 
and fufficiently to fliew that the ingredients were capable of 
a fling on each other. And I fuppofe, from your table, that 
other neutral and earthy falts will have a fimilar effeft, efpe- 
cially if deprived of any fuperfluous acid by the addition of a 
little alkali or earth; though I have not made the trials. 

Profeffor Bergman has divided his table into two parts; 
the affinities as they take place in the moi/i , and in the dry way. 
But thefe experiments fhew, that in the moiji way the affinities 
take place differently, according as water, or fpirit of wine, is 
•ufed. Perhaps a like difference would be found on ufing other 
liquids, each of which would probably afford a different table: 
for much depends on the attraction which the ingredients 
themfelves have to the liquid employed, as I have endeavoured 
to fhew in the work before referred to; for the liquid is to be 
confidered as one of the ingredients. 

2 I beg 
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I beg leave to add, Sir, that 1 think I have (nice hit upon a 
better method of making foap, and \\ithout fpirit of wine; 
but as I have not yet made all the experiments on this iubject 
that I intended, I cannot at prefent give you an account of 
them. If they fucceed, I will take the liberty to acquaint you 
with the refult. 

I am. Sir, with the greateft refpedt, &c. 

J. ELLIOT. 

Great Marlborough-Street, 

October 31, 1785. 


P. S. Since writing the above I have found, that if mild 
fixed alkali be added to diachylum in hot water, they unite 
into a gelatinous mafs, which is mifcible with the water. 
This may be confidered as a kind of hepar. If this fubftance 
be put into hot fpirit of wine, the decompofition already de- 
fcribed takes place. If chalk be fubftituted for alkali, there is 
a fimilar refult. I have found that nitre is decompofed by 
diachylum in fpirit of wine. 1 have alfo found, that if the 
compound of diachylum and common fait be put into hot fpint 
of' turpentine, the diachylum is diflolved, but the fait remains 
at the bottom of the veflel. 
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Account of Joins minute Britifh Shells , either not duly 
obferved, or totally unnoticed by Authors. In & better to 
Sir Jofeph Banks, Bart . P. P. A ^ the Rev. John Light foot, 

M. A. F. R. S. 


Read January 26, 1786. 


BEAR SIR, 

A S you were pleafed to think a few Ihells, which I lately 
fubmitted to your inlpeCtion, might not be unworthy 
the notice of the Royal Society; encouraged by fo refpeCtable 
an opinion, I £hall now beg leave to lay before you fome Draw¬ 
ings which I have caufed to be made of them, together with 
fuch remarks concerning them as may tend, in fome degree, to 
iiluflrate their natural hiftory. 

The firfl: I lhall mention is an univalve, coiled up into a 
lpiral form, the cavity of which is divided into three, four, or 
more diftinCt chambers or apartments by folid tranfverfe fepta, 
which communicate with each other by a triradiated aperture. 

Thefe characters accord with no genus of Ihells, hitherto 
eftablifhed, fo well as the Nautilus. It is true, it.has not fo 
many chambers as others of that genus, nor are the apertures 
of the fepta of a tubular form; but as thefe, according to the 
laws of method, are to be confidered as marks of a fpecijic 
rather than generic nature, fo I lhall not hefitate to refey the 
ihell under confideration to the family of Nautilus , at leaft till 

we 
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we are authorifed, by the difcovery of many more of a fimiiar 
ftru&ure, to rank it under a new genus. 

That I may give a more full and fpecific defcription of this 
lingular {hell, it muft be obferved, that its figure is a flatted 
fpiral, umbilicated on one fide* convex on the other, bat yet 
flightly depreffed in the centre, mcafuring in diameter about a 
quarter of an inch ; that it is generally coded up into four volu¬ 
tions, which are convex above, and fo nearly plane beneath as 
to form an acute or carinated margin; and that each of thefe 
Volutions, on the upper fide, has a nairow thread-like border 
or fillet on the interior edge. The front view of the mouth is 
obliquely femioval, the upper edge projecting farther than the 
lower. 

The fubftance of the (hell is very brittle and pellucid, and, 
when alive, of a reddilh bmwn or chefnut colour throughout, 
except about three or four faint white lines, which appear 
rays running from the central umbilicus to different and nearly 
equidiftant parts of the circumference. Thefe white lines are 
not ftraight, but fhaped each like a fhort curve, or comma, on 
the upper fide, and are nothing elfe but the {hades of the fepta 
in the cavity of the {hell. 

Such is its external appearance. The internal ftru&ure is 
extremely curious; for the whole cavity is divided into three, 
four, or five chambers or compartments (according to the age 
of the (hell) at nearly equal diftances, by tranfverfe fepta of a 
hard white brittle femipellucid fubftance, refembling agate or 
enamelled glafs« Each of thefe fepta has a triradiated aper¬ 
ture not unlike the Greek capital upfilon, or the Roman Y, 
inverted, (x) through which the animal, by means of its* foftf 
compreffible and extenfible nature, eafily contrives to extrude 
Vol. LXXVI. Y itWf > 
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itfelf, as much as is neceffary, when in fearch of food, or in 

the a £t of moving from one place to another. 

It may not be amifs here to obferve, that the fepta above- 
mentioned are totally foreign, both in ufe zn&firu&ure, from 
what are called opercula in other fhells: 1 mean thole tempo¬ 
rary covers or Hoppers, made ufe of by many teftaceous ani¬ 
mals to dole up the mouths of their Ihells, and defend them 
from injury in their quiefcent Hate. 

The opercula , however various in fubftance, are always ob- 
ferved to be jingle , imperforate , moveable at the will of the 
animal, and conftantly placed, as a fecurity, in the mouth, 
never in any other part of the cavity of the Ihell; whereas the 
fepta , in the fubject now before us, are repeatedly conftru&ed- 
in feveral parts of the cavity, are all of them perforated , inti¬ 
mately connected with the fubftance of the Ihell, and confe- 
quently fixed and permanent , as in all the Nautili 

And as to the ufe of thefe fepta , though I dare not fay what 
might be the real intention of nature in their formation, yet 
it will be no prefumption to affirm, that they could not be 
defigned for the fame purpofe as opercula in other fhells-; not 
only becaufe they are placed where they cannot anfwer the 
fame end, but more efpecially on account of their open ftruc- 
ture, which intirely excludes them from the poffibility of 
affording a proper defence to the enclofed animal. 

■Should it be faid, that they only ferve to point out the dif¬ 
ferent periods or fiages of the fhell’s growth, and are 'nothing 
elle but the limits or terminations of the animal’s periodical 
increafe, I will not difpute the opinion j it may perhaps be very 
true ; but foppofing it to be fo r is it not equally probable, that 
the tranfverfe fepta in all the Nautili are nothing elfe ? 


But 
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But I muft not conclude my remarks without taking fome 
,notice of the inhabitant of this lingular Ihell. It appears to 
be of the Jlug kind, but differs from the common land forts in 
this refpedt, that the Antenna are filiform, and the eyes riot 
placed upon their fiummits and retractile, but fixed upon the head 
near their bafes, as is probably the cafe in all the truly aquatic 
kinds, at leaft in all fuch as I have hitherto examined. The 
animal is of a foft and flexible nature, and grey brown co¬ 
lour, and has a power of extending itfelf out of the Ihell 
through the ape’rture of the exterior feptum ; at which time it 
affumes a triradriated fhape, not very diffimilar from the aper¬ 
ture itfelf, or like an inverted Y QQ, the thickeft ray of which 
is the head and body; one of the lines which form the angle 
is the tail, and the other is a kind of dorfal ligament, which 
extends from the back of the animal, through one of the rays 
of the aperture, and through the whole cavity of the fhell, 
and all its fepta , to the centre, as may be feen by placing the 
fhell between the eye and the light (fee fig. 3. Tab. I.). 

In the concife Linnjean mode of defciiption this fhell 
may be named. 

Nautilus (lacufiris) tefta fpirali compreffa umbilicata cari- 
1 nata, anfraftibus tribus fupra convexis contiguis, aper- 
tura femiovata, feptis triradiato-perforatis. 

The Frefh-water Nautilus. 

I find no author who has takeu any notice of this fhell, ex¬ 
cept Mr. Walker, who, in his late curious publication on 
Minute Shells, has defcribed it under the name of 

Helix lineata dorfo convexo umbilicata margine acuto; and. 
has given a figure of it in the fame work, PI. I. fig. 28. 

But this ingenious gentleman is free enough to confefs, 
that its chambered JlruSlure had entirely efcaped his notice, 

Y 2 otherwife 
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ptherwife he would doubtlefs not have ranked it among the 
Helices. 

The place where the fhell is to be found, is in deep ditches 
of clear water, adhering to the roots of Ounces. It was col¬ 
lected near- Upton Church, not far from Eton, in Bucking- 
hamfhire, in the faring feafon. Mr. Walker reports it to be 
found on flags in Homhill Brooks, in* Kent, but very rare. 

The figures annexed will explain what I have been deferibing 
much better* than words. 

Fig. i. (Tab. L) The fhell of its natural fize, with the 
umbilicated fide uppermoft. 

2. The fame with the deprefled fide uppermoft; the dark 
fhade in both fhewing how far the cavity of the fhell is occu¬ 
pied by the dead animal included. 

3. The fhell magnified with the depreJJ'ed fide uppermoft 1 , 
fhewing the live animal within it, its head and antenna pro¬ 
truded. Here the white lines appear double, being the fhade of 
the fepta on both fides of the fhell. 

5. The fame magnified with the umbilicated fide uppermoft, 
the head and under fide of the animal appearing to view. 

4. The fame magnified in a perpendicular view, with the 
mouth in front, but cut away down to the firft feptum , in 
order to fhew: not only the carina .*or keel of the fhell, but 
more efpecially the exadt appearance of the triradiated feptum 
neareft the mouth, and in what manner the animal contrrves'to 
extrude itfelf through the aperture, the head and tail being' 
accommodated to pafs through two of the'parts of the-inverted 
Y (f), while the dorfal ligament occupies the third. 

8. The animal’s excrement. 

6. 7. Horizontal feftions of 1 the fhell, in order to fhew the 
internal ftrudture, or the appearance of the- feptaj when the 

fhell 
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{hell is ground down or divided in that direction. Fig. 6. {hew¬ 
ing the lhell ground away in pait, with its umbilicated fide 
uppermoft. Fig. 7. the fame more deeply and evenly ground, 
with the deprefied or more convex fide uppermoft. 

The fecond lhell I {hall take notice of has much of the 
fame external face with the preceding, and is nearly of the 
fame fize and colour, but materially differs from it in having 
an uninterrupted cavity from the mouth to the center i that is, 
m divided chambers or compartments. This therefore evi¬ 
dently belongs to the genus of Helix. 

It is ftrongly umbilicated on one fide, and almoft plane on 
the other, the central wreaths being nearly of ecpial height, or 
but (lightly deprefied, and'deftitUte of that narrow border or 
fillet mentioned in the preceding (hell. It coufifts moft com¬ 
monly of three volutions, convex on both fides, with ah obtufely 
carinated margin, and femioval mouth. 

It may be named, 

Helix (fontana) tefta compreffa obtufe carinata, hinc um- 
bilicata, anfra&ibus tribus utrinc[ue convexis, apertura 
femiovata. 

Fountain Helix. 

The figures here given reprfifeWt this (hell, on both fides, in 
its natural and magnified 'dice, ft- that rhore words- to deftribe 
it are needlefs. 

Fig. 1. (Tab. 11 ) The (hell-of'the' natural fize, with the 
moft convex fide uppermoft. 

2. The fame, with the umbilicated fide uppermoft. 

3. The (hfell magnified, the moft convex fide uppermoft. 

4. The fame magnified, the umbilicated fide uppermoft. 

I do not find that it has been noticed by any author 


It 
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It was found in the bottom of a fpring of clear water, ad¬ 
hering to the under fide of rotten leaves, near Bullftrode, in 
Buckinghamlhire, in the month of April. It has alfo been 
found in forne other clear waters in the fame neighbourhood, 
but not common. 

A third fhell I have to mention is a very minute but curious 
Helix of a fubconical form, confiding of about five convex 
wreaths, gradually diminifliing towards the apex. The (hell 
is umbilicated at the bafe, and the wreaths are tranfverfely fur- 
rounded with numerous (harp-edged rings, which are produced 
in the middle or back of each wreath into a kind of fpur, 
formed of comprefled and very tender fpines. The mouth is 
a fegment larger than a femicircle, but not round enough to 
conditute the (hell a Turbo , to which it is neverthelefs nearly 
allied. The colour of the whole (hell is brown. 

It may be named, 

Helix ( fpinulofa ) tefta fubconica umbilicata, anfraftibus 
5 convexis, annulis membranaceis acutis cin&is, dorfo 
fpinulofo-carinatis, apertura fuborbiculari. 

Tender prickly Helix. 

The figures here given reprefent this (hell in different pofi- 
tions, in its natural and magnified date. 

Fig. i. 2. (Tab. II.) The (hell, in different pofitions, of the 
natural fize. 

3. 4. 5. The fame magnified. 

I know no author who has hitherto noticed it. 

It was found near Bulldrode, at the foot of pales, upon old 
bricks and dones, after rainy weather, in June and July. 


A fourth 
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A fourth is a minute fhell of the Turbo kind. 

It ftrongly refembles the depreffed Helices ; but its circular 
mouth forbids its being ranked in that genus. 

It confifts of four cylindric or rounded volutions, of nearly 
equal height on one fide, but funk or umbilicated on the other. 
Thefe volutions are tranfverfely furrounded with numerous 
fharp-edged membranaceous rings, which are very fragile and 
deciduous. The mouth, when perfedi, is bordered with a 
comprefled eredt margin. The colour of the fhell is uniformly 
brown. 

It may be named, 

Turbo ( helicinus ) tefia depreffo-plana, hinc umbilicata, 
anfradtibus 4 torofis, annulis numerofis acutis membra- 
naceis cindtis. 

The fine-ringed Turbo. 

The, figures herewith exhibit both fides of the fhell, in its 
natural and magnified flate. 

Fig. 1. 2. (Tab. III). The fhell, on both fides, of the natural 
fize. 

3. 4. The fame, on both fides, magnified. 

No author, that I know of, has defcribed it. 

It was found near Bullftrode, upon bare ftones, in the 
fpring feafon, and at other times in moift weather. 

The fifth and lafl fhell I have to mention, is a'fmall'thm 
oblong comprefled Patella , of a horn colour, about a quarter 
of an inch long, and one-tenth of an inch wide, having a 
pointed vertex nearefl to the lower end, turned downwards* 
and leaning to one fide. 

It may be called. 


Patella. 
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Patella (oblonga ) tefta integerrima oblonga comprelfa 
membranacea, vertice mucronato reflexo obliquo. 

Oblong frefh-water Patella. 

It is perfectly diftindt from the Patella lacujtris of Linux vs 
both in fhape, and flexure of the veitex, as well as being defti- 
tute of radiated ftreaks. 

Fig. i. 2. 3. and 4. (Tab. III.) The natural fize in different 
attitudes. 

5. A {hell magnified, with its vertex Upward. 

6. Patella lacujlris Lin. {hewing the plan of the two different 
ipecies. 

It has efcaped the notice of all the authors I am acquainted 
with. 

It was found adhering to the leaves of the Iris Pfeudacorus 
in waters near Beaconsfield, in Buckinghamfhire, by Mr. 
Agnew, Gardener to the late Duchefs Dowager of Port-* 
band ; by whole fagacity all the preceding {hells were difco- 
vered, and by whole faithful pencil they were drawn. 

I have now done with defcribing the {hells I intended j but 
before I conclude* it may not be thought, perhaps, quite 
foreign to my prefent; fubjedt, to remove, in fome degree, aa 
error which has been aimoft univerfally adopted by the dealers 
and collectors in {hells, relpedting certain fubjedts, brought from 
Jamaica, and other parts of the Weft-Iildies, commonly known 
by the name of Gold Shells . They are yellow gloffy fub- 
ftances, of an obtufely conical figure, and fize of tares or vetch- 
feeds, compofed of feveral concave brittle imbricated fcales, 
clofely compacted, fo as to referable the foliaceous gem or bud of 
fome tree, and have generally a hole or perforation in lome 
part. Thefe are commonly fuppofed to be Jhells, or the 
2 embryos 
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embryos of {hells taken out of fome bag or' ovary. It is certain, 
however, that this is a miftake; for having colle&ed a few of the 
largeft and moft opaque of thefe fuppofed pells, and fuch as had 
no perforation to be found in them, I immerfed them for a few 
minutes in hot water, and then carefully developing the fcales-of 
which they were compofed, I found in the centre of all the largeft 
and moft perfect a fmali infect, enveloped in a mealy fubftance, 
about the fize of a fmali bed-bug, of a roundifh oval figure, 
dark brown colour, convex on the back, {lightly concave be¬ 
neath, and in every inftance, except one (out of at leaft fifty 
which I opened), all without wings. The body was compofed of 
about eight imbricated fegments or rings ; the head was very 
fhort, and almoft concealed under the margin of the thorax; 
however, I plainly difcerned, in fome of the fpecimens, that 
it was furnifhed with two fhort filiform antennas. The trunk 
had fix legs ; the feet terminated each with a {harp red claw. 
The body of the Jingle fpecimeh which had wings was ob¬ 
long, and narrower than the apterous. ones. The wings 
appeared to be glued down to the body, juft as in a bee or 
wafp, when it is almoft ready to emerge from the Pupa ftate. 
Whether they were two or four wings I am not abfolutely cer¬ 
tain ; but they appeared to be of the filmy tranfparent kind, 
at leaft near the extremities; for I clearly perceived the nerves 


as in the wings of a fly. From hence it evidently appears, 
that thefe Gold Shells are really no other than the cafes or cells 
of minted: in its Pupa ftate; and from confidering the form of 


its body , the difference of the /exes , the one being apterous ,, 
the other winged , I have no doubt but it is a fpecies of cochi¬ 
neal or coccus, and probably one not hitherto deferibed by na- 
turalifts. The cafes do not effervefee with acids, therefore 
they are not of a tefaceous nature. They feem to be a vege- 
Vol. LXXYI. Z tahl ® 
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table fubftance of the rejinous kind; for they bubble a little on 
being burnt on a hot iron, and when triturated dilibive flowly 
in a warm fpirituous menftruum to afweet-fmellingvifcid mat¬ 
ter. But we muft wait for a better elucidation of the fubjeft 
from thofe who colledt thefe fubftances in their native place. 

I have the honour to be, with the utmoftrefpedt, &c. 


JOHN UGHTFOOT. 
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VIII. Ohfervations on the Sulphur Wells at Harrogate, made in 
July and Auguft, 1785. By the Right Reverend Richard 
Lord Bijhop oj LandafF, F. R. S. 


Read February 2 , 1786. 


TN 1733, when Doftor Short firft publilhed his Treatife oti 
*■* Mineral Waters, there were only three fulphur wells at 
Harrogate; there are now four. I made fome inquiry refpedting 
the time and occafion of making the fourth well, and received 
the following account from an old man, who was himfelf 
principally concerned’in the tranfa&ion. About forty years 
ago, a perfon who, by leafe from the Earl of Burlington, 
had acquired a right of fearching for minerals in the forefl: of 
Knarefborough, made a fhew as if he had a real intention of 
digging for coal, on the very fpot where the three fulphur 
wells were fituated. This attempt alarmed the apprehensions 
of the inn-keepers and others at Harrogate, who were inte* 
refled in the prefervation of the wells: they gave him what 
legal oppofition they could, and all the illegal that they durfh 
At length, for the fum of one hundred pounds, which they 
raifed amongft themfelves, the difpute was compromifed, add 
the defign real or pretended of digging for coal was abandoned. 
Sulphur water, however, had rifen up where he had begfon. tt> 
dig. They inclofed the place with a little Hone edifietej add 
putting down a- bafon, made st fourth well., By a cfeufe in 
the ad of parliament for itatlafing Knarefbownjjb Forefl, paiTed 

Z 25 in 
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in 1770, it is rendered unlawful for any perfon whatever to 
fink any pit, or dig any quarry or mine, whereby the medi¬ 
cinal fprings or waters at Harrogate may be damaged or pol¬ 
luted ; fo that no attempts of the kind abo.ve-mentioned need 
be apprehended in future. 

This fourth well is that which is neareft to one of the barns 
of the Crown-Inn, being about ten yards diftant from it. In dig¬ 
ging, a few years fince, the foundation of that barn, they met 
with fulphur water in {everal places. At a very little diftance 
from the four wells there are two others of the fame kind; one 
in the yard of the Half-Moon-Inn, difcovered in digging for 
common water in 1783, and another which breaks out on the 
fide of the rivulet below that Inn. On the banks of that rivulet 
I faw feveral other fulphureous fprings : they are eafily diftin- 
guifhed by the blacknefs of the earth over which they flow. 

On the declivity of a hill, about a quarter of a mile to the weft 
of the lulphur wells at Harrogate, there is a bog which has been 
formed by the rotting of wood: the earth of the rotten wood is 
in fbme places four feet in thicknefs, and there is a ftratum confin¬ 
ing of clay, and fmallloofe decaying fand-ftones,every where un¬ 
der it. The hill above is of grit-ftone. In this bog there are four 
more fulphur wells; one at the top, near the rails which feparate 
the bog from the Common ; and three at the bottom, though 
one of thefe, ftri&ly fpeaking, is not in the bog but at the 
fide of it in the ftratum on which the bog is fituated, and at 
the diftance of a yard or two from a rivulet of frefli water, 
which runs from thence to Low Harrogate, palling clofe to 
the fide, but above the level of the fulphur wells of that place. 
On the other fide of the hill, above the bog, and to the weft 
of it, there is another fulphur well on the fide of a brook 5 and 
It has been thought that the wells both at Harrogate and in the 
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bog are fupplied from this well. In a low ground, between 
High Harrogate and Kn ’relborough, there is a fulphur well; 
another to the north of it in Biiton Park, at about the diftance 
of a mile; and another to the fouth of it, at a lefs diftance, 
was difcovered this year in digging for common water by a 
perfon of the name of Richardson ; and, laftly, there is 
another at a place called Hookftone Crag: none of thefe laft 
mentioned wells are above two miles diftant fmm High Harro¬ 
gate ; and by an accurate fearch a great many more might, 
probably, be difcovered in the neighbourhood. 

It is not unufual to dig within a few yards of any of thefe 
fulphur wells, and to meet with water which is not ful- 
phureous. I ordered a well to be dug in the fore-mentioned 
bog, fixteen yards to the fouth of the fulphur well which is 
near the rails, and to the fame depth with it; the water with 
which it was prefently filled was chalybeate, but in no degree 
fulphureous. I had another well dug, at about thirty yards 
diftance from the three fulphur wells which are fituated at the 
lower extremity of the bog; this well, by the declivity of the 
ground, was ten or twelve feet below their level, but its water 
was not fulphureous. From the firft: well which I dug, it is 
evident, that every part of the bog does not yield fulphur wa¬ 
ter ; and from the fecond, which was funk into the clay, it is 
clear that every part of the ftratum on which the bog is placed 
does not yield it, though one of the wells is fituated in it. 

The fulphur wells at Harrogate are a grisat many feet below 
the level of thofe in the bogs but they communicate with 
them, if we may rely on what Dodfcor Short has told us —* 
« That about the beginning of this century, when the con* 
courfe of people was very great to the Spaw at Harrogate, one 
Robert Ward, an old man, made a bafon in' the clay‘under 

the 
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the mofs of a bog where the ftrongeft and brhkeft of thefe fill* 
phur fprings rife, and gathered half an hoglhead of water at 
a time for the ufe of the poor; but when lie laded this he 
almoft dried the three fulphur wells at the village, whence it is 
evident, that all have the fame origin and communicate with 
one another.” -By converting with feme of the oldcft and 
moft intelligent people at Harrogate, I could not find that they 
entertained any opinion of the water at the bog having a commu¬ 
nication with that at the fpaw. This circumftance might eafily 
be afcertained; and, if the fa£ thou Id be contrary to what Dodor 
Short fnppofed, the wells at the bog ought to be covered from 
the weather as thofe at the village are; they would by this 
mean yield great plenty of water for the baths which are 
wanted by invalids, and which are often very fcantily fu.p* 
plied by the wells at Harrogate, notwithftanding the attention 
which is ufed in preferving the water which fprings at the 
four wells, by emptying them as often as they become full 
during both the day and night time. And indeed it is fur- 
prifing, that the well on the fide of the rivulet below the 
Half-Moon-Inri, which is fo well fituated for the purpofe, has 
never been inclofed for the furnifhing fulphureous water for 
the baths. The prefent mode of carrying the water in calks 
to the feveral houfes where the perfons lodge who want to 
bathe in it, is very troublefome, and the water thereby lofes of 
its virtue. Some of the wells about the village, that for in-* 
fiance which has been difeovered at the Half-Moon-lnn, the 
water of which, I believe, fprings from a different fource front 
that which fupplies the four fulphur wells, Ihould be either 
enlarged to a greater horizontal breadth, or funk to a greater 
depth, in order to try, by one or both of thefe ways, whether 
ihe.quantity and ftrength of the water might not he increafed; 
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and if that fliould, as it probably would be the cafe, one or 
more baths might be credled after the manner of thofe at Bux¬ 
ton and other places; or, by proper additional buildings, warm 
bathing in fulphureous water might be pra&iicd, as is done in 
common water in the bagnios in London. The ialtneis of the 
fulphureous water, if that fhould be thought ufeful, might 
eafily be made even greater than that of fea water, by adding a 
quarter of a pound of common fait to every gallon of the 
water ufed in forming a bath. The waters at Harrogate, 
though they have long been very beneficial, have not yet been 
rendered fo ufeful to mankind, as an intelligent and enter- 
prifing perfon might make them. The alternate ftrata of fand, 
ftonc, and {hale, which compofe the lower hills near the wells 
at Harrogate, dip very much, as may be feen in a ftone quarry 
about two hundred yards from the wells; and the fame cir- 
cumftance may be obferved in dry weather, in following the 
bottom of the brook from the village up to the bog; and 
hence, if there be a communication between the waters of the 
bog and of the village, as Doctor Short afterts, it is probable, 
that the fame ftratum of {hale which is feen at the bottom of 
the wells at the village, breaks out again at the bog above the 
village, and that the water finds its way from the bog tp the 
village through the crevices'of that ftratum. 

After having obferved, as careiully as 1 could, the number 
and fituation of the fulphur wells about Harrogate, I took, 
notice of the temperature of the four at the village. In the 
month of June, 1780, when the thermometer in the {hade was 
y %° 9 and the pump water at the Gianby<-Inn, the well of which 
is fifty feet deep, was 48°, theftrongeftof the fulphur wells,, 
feeing that-of which invalids ufually drink, was 50 s . On the 

noth of July in this year,. after the *urth had been parched. 
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with drought for many months, the heat of the ftrongeft well 
was 54°; the water of the Granby pump was on the fame day 
48°, and the heat of the air in the (hade 76°. Dodtor Wat.ker, 
who has lately written a treatife on Harrogate water, fays, that 
the heat of this fpring was 48°, when that of an adjoining 
rivulet was 53 0 . And I have little doubt in believing, that if 
the experiment was made in cold weather, the temperature of 
the fame well would be found to be feveral degrees below 48. 
This variation of temperature in the fulphur water indicates 
its fpringing from no great depth below the furface of the 
earth; or at lead it indicates its having run for a considerable 
diftance in a channel (o near to the furface of the earth, as to 
participate of the changes of temperature, to which that is 
liable from the aftion of the fun. But the heat of the fulphur 
water is not only variable in the fame well, at different times, 
hut it is not the fame in all the wells at the fame time. If we 
call the ftrongeft well the firft, and reckon the reft in order, 
going to the right, the third well, which is reckoned the next 
ftrongeft, was 57 0 hot when the firft well was 54 0 . In fup- 
port of the conje&ure that the fulphur water of the ftrongeft 
well would in a cold feafon make the thermometer fink below 
48°, which is the conftant temperature of fprings fituated at a 
great depth in the earth in this country, it may be obferved, 
that though the firft and the third well are never frozen, yet 
the fecond and the fourth well are frozen in fevcre weather. 
When the fecond and the fourth well are covered with ice, 
it is probable, that the firft and the third have a temperature 
far below 48°; but that the fea fait, which is more abundant 
in them than in the other two wells, and which of all falts 
refills moft powerfully the congelation of the water in which 
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it is difi'olved, .preferves them from being frozen, in the coldefl 
feafons incident to our climate. 

As the temperature of thefe four wells is not the fame in 
all of them at the fame time, nor invariable in any of them, 
fo neither does there feem to be any uniformity or conftancy 
in them, with refpeft to the quantity of fait which they con¬ 
tain. The fait with which they are all impregnated is of .the 
fame kind in all, and it is almoft wholly common fait; and 
though the quantity contained in a definite portion of any one 
of the wells is not, I think, precifely the fame at all feafons of 
the year, yet the limits within which it varies are not, I ap¬ 
prehend, very great. A method is mentioned in the LXth 
volume of the Philofophical Tranfa&ions, of eftimating the 
quantity of common fait diffolved in water* by taking the fpe- 
cific gravity of the water: this method Is Hot to be relied on, 
when any considerable portion of any other kind of fait is dif- 
folved along with the fea fait; but it is accurate enough to 
give a good notion of the quantity contained in the different 
wells at Harrogate. On the 13th of Auguft, after feveral 
days of rainy weather, I took the fpecific gravities of the four 
fulphur wells at the village, the drinking well being the firft.— 
Rainwater i.ofco; firft well 1.009; fecondwell 1.002; third 
well 1.007; fourth well 1.002. By comparing thefe fpecific gra* 
vities with the table which is given in the LXth volume of the 
Tranfa&ions, it may be gathered, that the water of the firft well 
contained T ' T of its weight of common fait; that of the fecond 
and fourth, and that of the third, T V_ After four days 

more heavy rain I tried the ftrongeft well again, and found its 
fpecific gravity to be x.od8. It is worthy of obfervation, that 
the water, as it fprings into the firft and third well, is quite 
transparent, but ufually of a pearl colour in the fecond and 
Ven* LXXVI. ' A a ' fourth, 



178 Bljhop of Landaff’s Obfervatlons on 

fourth, fimilar in appearance to the water of the firft or third 
well after it has been expofed a few hours to the air; hence It 
is probable, that the external air has accefs to the water of the 
fecoud and fourth well before it fprings up into the bafon. A 
great many authors have publifhed accounts of the quantity of 
common fait contained in a gallon of the water of the ftrongeft 
well; they differ fomewhat from each other, fome making it 
more, orheislefs, than two ounces. Thefe diverfrties proceed 
either fom the different care and fkill ufed in conducing the 
experiment; or from a real difference in the quantity of fait 
with which the water is impregnated at different feafons of the 
year. The medium quantity of fait Contained in a gallon falls- 
fhort of, l think, rather than exceeds two ounces. The fea 
water at Scarborough contains about twice as much fait as is 
found in the> ftrongeft fulphur well at Harrogate. The fulphur 
wells at the bog are commonly laid to be fulphureous, but not 
Mine. This, however, is a miftnke; they contain fait, and 
fair of the fame kind as the wells at the village. I could net 
diftinguilh the kmd of fait by the method in which I had eftr- 
mated the quantity contained i’n the fulphur wells; I therefore 
evaporated a gallon of the water of the well in the bog which 
is near the rails, and obtained’ a full ounce of common lalt, of 
a brownilh. colour: the colour would have gone off by calci¬ 
nation. In what degree the medicinal powers of Harrogate 
water depend on its fulphureous, and in wh.tt degree on its 
faline impregnation, are qu.ftions which I meddle not with : 
I would only Juft obferve on this head, that any ftrotig iul- 
pliureous water, fuch as that of Kod'dltftone in Derbyshire, or 
of Shap in Weftmoreland, which naturally contains little or 
no fea fait, may be rendered fimilar to Harrogate water, fiy 
'diflblving in it a proper pi ©portion of common fait. Thp four 

fulphur 
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ftilphur wells at Harrogate are very hear to each other; they 
might all be included within the circumference of a circle of 
feven or eight yards, in diameter ; vet, from what has been fai 1 
it is evident, that they have not all either the fame tempera¬ 
ture, or the fame quantity of faline impregnation. Tins 
diverfity of quality, in wells which have a proximity of fitua- 
tion, is no uncommon phenomenon ; and though at the fiift 
view it feems to be furpiifing, yet it ccafes to be fo on reflexion : 
for the w aters which feed wells fo circumftanced, may flow 
through llrata of diffeient qualities fituated at different depths., 
though in the fame dire&ion; or through ftrata placed both at 
different depths, and in different direftions; and that this is 
the cafe at Harrogate is probable enough, there being hills 011 
every lide of the hollow in which the village is placed. 

With refpeft to the fulphuieous impregnation of thefe wa¬ 
ters, I made the following obfcivations. 

The infide of the bafon, into which the water of the 
ftrongeft well rifes, is covered with a whitilh pellicle, which 
may be eafily feraped off from the.grit-flone of which the 
bafon is made. I obferved, in the year 1780, that this pellicle 
on a hot iron burned with the flame and fmell of fulphur. I 
this year repeated the experiment with the fame fuccels; the 
fubftauce fhould be gently dried before it is put on the iron. 
I would further obferve, that the fulphur is but a fmall part 
of the fubflance which is feraped off. That I might be certain 
of the poliibiiity of obtaining true palpable fulphur flora what 
is feraped off from the bafon, and at the fame time give fom© 
guefs at the quantity of fulphur contained in it, 1 took three 
or four ounces of it ; and having walhed it well, and diped it 
thoroughly by a gentlq heat, I put two ounces into a clean 
glafs retort, and fubUmed from it about two or three grains of 
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yellow fulphur. This fulphur, which ftuck to the neck of 
the retort, had an oily appearance; and the retort, when, 
opened, had not only the fmell of the volatile fulphureous 
acid, which ufually accompanies the fublimation of fulphur, 
but it had alfo the ftrong empyreumatic fmell which pecu¬ 
liarly appertains to burnt oils j and it retained this fmell for 
feveral days. It has been remarked before, that the fait fepa- 
rable from the fulphur water was of a brownifh colour ; and 
others, who have analyfed this water, have met with a brown 
fubftance, which they knew not what to make of; both 
which appearances may be attributed to the oil, the exigence of 
which was rendered lo manifeft by the fublirnation here men¬ 
tioned. I will not ’ trouble the Society with any conje&ures 
concerning the origin of this oil, or the medium of its com¬ 
bination with water 5 the difeovery of it gave mefome pleafure, 
as it feemed to add a degree of probability to what I had laid con¬ 
cerning the nature of the air with which, in one of my Che¬ 
mical Eflays, I had fuppofed Harrogate water to be impreg¬ 
nated. I will again take the liberty of repeating the query 
which I there propofed. “ Does this air, and the inflammable- 
air feparable from fo'me metallic fubftances, confift of oleaginous 
particles in an elaftic ftate ?” When I ventured' to conjc&urc, 
ih the Eflay alluded to, that fulphureous waters received their 
impregnation from air of a particular kind, I did not know 
that Profeflor Bergman had advanced the fame opinion, and" 
denominated that fpecies of air, Hepatic Air. I have flnee 
then feen his works, and very readily give up to him not only 
the priority of the difeovery, but the merit of profecuting it* 
And though what he has faid concerning the manner of preci¬ 
pitating fulphur from thefe waters can leave no doubt ill the 
min4 of any ehemift concerning the actual exigence of fulphur 

l 
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in them ; yet I will proceed to the mention of fome other ob¬ 
vious experiments on the Harrogate water, in fupport of the 
fame doctrine. 

Knowing that, in the baths of Aix-la-Chapelle, lulphur is 
found flicking to the fides and top of the channel in which the 
fulpbureous water is conveyed, I examined with great atten¬ 
tion the fides of the little fione building which is raifed over 
the bafon of the Arongeft well, and faw them in fome places 
of a yellowilh colour : this 1 thought proceeded from a fpecies 
of yellow mofs, commonly found on grit-done: I collected, 
however, what 1 could of it by bruihing the fides of the 
building, at the diftauce of thic-e or four feet from the water 
in the bafon : on putting what I had brulhed off on a hot iron, 

I found that it confided principally of particles of grit-ftone, 
evidently however mixed with particles of fulphur. 

Much of the fulphureons water is ufed for baths at Harro¬ 
gate ; and for that purpofe all' the four wells are frequently 
emptied into large tubs containing many gallons apiece; thefe 
eonftantly ftand at the wells, and the calks, in which the 
water is carried to the feveral houfes, are filled from them. 
On examining the infides of thefe tubs, 1 found them covered, 
as if painted, with a whitilh pellicle- I feraped off a part of 
this pellicle s it was no longer foluble in water; but, being put 
on a hot iron, it appeared to confift almoft wholly of fulphur* 
Some of thefe tubs have been, in ufe many years, and the ad¬ 
hering cruft is thick ii> proportion to the time they have been, 
applied to the purpofe; but the fulphur pellicle was fufficiently 
ebfervable on one which was new in the beginning’of this 
feafon. The water when it is firft put into thefe tubs is* traaf- 
parent; when it has been expofed to the air for a few hours, it 
becomes milky; and, whefal the quantity U large,, a white 

cloud’ 
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cloud may be feen (lowly precipitating itfelf to the bottom-.' 
This white precipitate coufids partly, I ana not certain that it 
confifts wholly, of fulphur; and the fulphur is as really con¬ 
tained in the waters denominated iulphurebus, as iron is con¬ 
tained in certain forts of chalybeate waters; in the one cafe 
•the iron is rendered foluble in water by its being united to 
fixed air, or feme other volatile principle; and in the other 
fulphur is rendered foluble in water by its being united to fixed 
air, or fome other volatile principle: neither iron nor fulphur 
arc of themfelves foluble in water, but each of them, being 
reduced into the form of a fait fey an union with fome other 
lubilances, becomes foluble in water, and remains difiolved 
in it, till that other fubftance either efcapes into the air, or 
becomes combined with fome other body. 

About forty years ago, they took up the bafon of the third 
well, and a •credible period, who was himfelf prefent at the 
operation, informed me, that in all the crevices of the (lone 
on which the bafon reded, there were layers of pure yellow 
fulphur. This I can well believe, for I ordered a piece of (hale 
to be broken off from the bottom of the fourth well; it was 
fplit, as (hale generally is, into feveral thin pieces, and was 
covered with a whitifh cruft. Being laid on a hot iron, in a 
dark room, it cracked very much, and exhibited a blue flame 
and fulphureous fraell. 

If the water happens to (land a few days in any of the 
wells, without being didurbed, there is found at the bottom a 
black fediment; this black fediment alfo marks the courfe of 
the water which flows from the well, ^nd it may be edeemed 
charaffceridic of a fulphur water. The furface of the water 
alfo, when it is not dirred for fome time, is covered with a 
Whitifh. feura. Doflor Short had long ago obferved, that 

both 
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both the black fediment, and the white fcum, gave clear indi-. 
cations, on a hot iron, of their containing fulphui: I know 
not whence it has cosne that his accuracy has been queflioned 
in this point; certain I am, that on the repetition of his expe¬ 
riments I found them true. The white fcum alfo, which is 
found flicking on the grafs over which the water flows, being 
gently dried, burns with the flame and fraell of fulphur. 
From what has been faid it is- clear, that fulphur is found at 
Harrogate, flicking to- the bafon into which the water fpritigs ; 
fublimed upon the Hones which compofe the edifice furround¬ 
ing the well; adhering to the fides of the tubs in which the 
water Hands; fubfidiug to the bottom of the channel in which 
the water runs ; and covering the furface of the earth, and 
of the blades of grafs, over which it flows. It is unneceffary to 
add another word on this fubjeft; it remains that I rifk a con- 
jeflure or two, on the primary eaufe of the fulphureous im¬ 
pregnation obfervable in thefe waters. 

In the Chemical Eflay before referred to, I have fhewn* 
that the air leparable from the lead ore of Derbylhire, or from 
Black-Jack, by folution in the acid of vitriol, impregnates com¬ 
mon water with the- fulphureous fmell of Harrogate water; 
and I have alfo flaewn that the bladder fucus or fea-wrack, by 
being calcined to a certain point, and put into water, not only 
gives the water a brackifh tafle, but communicates to ir y with** 
out injuring its tranfparency, the fmell, tafle, aad other pro¬ 
perties of Harrogate water. Profeffor Bergman impregnated 
water with a fulphureous tafle and ftnell-, by means of air fepa- 
rated by the vitriolic ackl from hepar fulphuris, made by fufion 
of equal weights of fulphur and pot-afhes, and from a mafs 
made of three parts of iron filings melted with two of fuh 
phur; and he found alfo, that Black-Jack, and, native Siberian 
, uon 
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•iron yielded hepatic air, by dilution in acids. This, I believe, 
is the main of what is known by chemids on this fubjed; 
what I have to fugged, relative to the Harrog-ite waters in 
•particular, may perhaps be of ufc to future inquirers. 

I have been told, that on breaking into an old coal-work, in 
which a confiderable quantity of wood had been left rotting 
for a long time, there blued out a great quantity of water 
fmellitig like Harrogate water, and leaving, as that water does, 
a white feum on the earth over which it palled. On opening 
a well of common water, in which there was found a log of 
rotten wood, an obfervant phyfician allured me, that he had 
perceived -a ftrong and didind l'mell of Harrogate water. Dr. 
Darwin, in his ingenious Account of an artificial Spring of 
Water, publifhed in the fird part of the LXXVth' volume of 
the Philofophical Tranfadions, mentions his having perceived 
a flight fulpluueous fmell and fade in the water of a well 
which had been funk in a black, loofe, moid earth, which ap¬ 
peared to have been very lately a morafs, but which is now 
covered with houles built upon piles. In the bog or morafs 
above-mentioned there is great plenty of fulphurcous water, 
which feems to fpring from the earth of the rotten wood of 
which that bog confifts, Thefe fads arc not fuflacicnt to make 
us certain, that rotten wood is efficacious in impregnating water 
with a fulphureous fmell; becaufe there are many bogs in 
every part of the world, in which no fulphurcous water has 
ever been difeovered. Nor, on the other hand, arc they to be 
rejeded as of no ufe in the inquiry ; becaufe wood, at a par¬ 
ticular period of its putrefadron, or when fituated at a particu¬ 
lar depth, or when incumbent on a foil of a particular kind, 
may give an impregnation to water, which the fame wood. 
Under different circumdances, would not give. 
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The bilge water, ufually found at the bottom of {hips which, 
are foul, is faid to fmell like Harrogate water: I at firft fup- 
£ofed, that it had acquired this fmell in confequence of be¬ 
coming putrid in contact with the timber on which it refted, 
atid this circumftance I confidcred as a notable fupport to the 
conjecture I had formed of rotten wood being, under certain 
circumftances, xnftrumental in generating the fmell of Harro¬ 
gate water. But this notion is not well founded; for the bilge 
water is, I fuppofe, fait water; and Dr. Short fays, that fea 
water, which had been kept in a {tone bottle fix weeks “ flunk 
not much fhort of Harrogate fulphur water.” It has been 
remarked above, that calcined fea-wrack, which contains a 
great deal of fea fait, exhales an odour fimilar in all refpeCts to 
that of Harrogate water; and in confirmation of the truth of 
this remark, I find that an author, quoted by Dr. Short, fays, 
that «* Bay fait thrice calcined, diffolved in water, gives exaftly 
the odour of the fulphur Well at Harrogate.” From thefe 
experiments confidered together, it may, perhaps, be inferred, 
that common fait communicates a fulphureous fmell to water 
both by pxitrefaaion and calcination. Hence fome may think, 
tMt there is fome probability in the fuppofition, that either 
a calcined ftrafum of common fait, or a putrefeent fait fpring, 
may contribute to the production of the fulphureous fmell of 
Hsfrrogate water; efpecially as thefe waters are largely impreg¬ 
nated with common fait. However, as neither the fait in fea 
Water, nor that of caWned fea-wrack, nor calcined bay fait, 
ate any of them abfolutely free from the admixture of bodies 
containing the vitriolic acid, a doubt ftill remains, whether the 
fulphureous exhalation, 'here fpoken of, can be generated* from 
&bftances in which the vitriolic acid does not exift* 
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The lhale from which alum is made, when it is firft dug out 
of the earth, gives no impregnation to water; but by expofure 
to air and moUture us principles are loofencd, it ihivers into 
pieces, and finally moulders iuto a kind of clay, which has ail 
aluminous tafte. Alum is an earthy fait refulfmg from an 
■union of the acid of fulphur with pure clay; and hence we 
are lure, that lhale, wiien decompofed by the air, contains the 
acid of fulphur; and from its oily black appearance, and efpe- 
cially from its being inflammable, we are equally certain that it 
contains phlogifton, the other conftituent part of fulphur* 
And indeed pyritous fubftances, or combinations of fulphur 
and iron, enter into the compoiition of many, probably of all 
forts of lhale, though the particles of the pyrites may not be 
large enough to be feen in fome of them ; and if this be ad¬ 
mitted, then we need be at no lofs to account for the bits of ful¬ 
phur, which are fublimed to the top of the heaps of lhale, 
when they calcine large quantities of it for the purpofe of 
making alum : nor need we have any difficulty in admitting, 
that a phlogiftic vapour mull: be difeharged from lhale, when 
it is decompofed by the air. Dr. Short fays, that he burned 
a piece of aluminous lhale for half an hour in an open fire; 
he then powdered and infufed it in common water, and the 
water fent forth a moll: intolerable fulphureous fmell, the very 
fame with Harrogate water. He burned fevcral other pieces 
of lhale, but none of them flunk fo flrong as the firft. This 
difference may be attributed, cither to the different qua¬ 
lities of the different pieces of lhale which he tried, or 
to the calcination of the firft being pulhed to a certain 
definite degree; for the combination of the principles on 
which the fmell depends may be produced by one degree 
of heat, and deftroyed by another. I have mentioned, 

briefly, 



the Sulphur Wells at Harrogate. 187 

briefly, thefe properties of fhale, becaufe there is a ftratum of 
lhale extended over all the country in the neighbourhood of 
Harrogate ; feveral beds of it may be feen in the {tone quarry 
above the fulphur wells; many of the brooks about Harrogate 
run upon fhale, and the fulphur wells fpring out of it. They 
have bored to the depth of twenty yards into this fhale, in 
different places, in fearch of coal, but have never penetrated 
through it. Its liardnefs is not the fame at all depths. Some 
of it will ftrike fire, as a pyrites does, with Heel; and other 
beds of it are loft, as if in a ftate of decompofition, and the 
fulphur water is thought to rife out of that lhale which is in 
the fofteft ftate. But whatever impregnation lhale when cal¬ 
cined, or otherwife decompofed to a particular degree, may 
give to the water which paflesover it, it mull not be concluded, 
that lhale in general gives water a fulphureous impregnation ; 
ftnee there are many fprings, in Various parts of England, arifing 
out of lhale, in which no fuch impregnation isobferved. 

I forgot to mention, in its proper place, that having vilited 
the bog, fo often fppken of, after along feries of very dry wea¬ 
ther, I found its furface, where there was no grafs, quite can¬ 
died over with a yellowilh cruft, of tolerable confiftency, 
which had a ftrong aluminous tafte, and the fmell of honey. 
Bergman fpeaks of a turf found at Helfingberg in Scania, 
confifting of the roots of vegetables, which was often covered 
with a pyritous cuticle, which, when elixated, yielded alum; 
and I make no doubt, that the Harrogate morafsis of the fame 
kind. 

Whether nature ufes any of the methods which I have men¬ 
tioned of producing the air by which fulphureous waters are 
impregnated, may be much queftioned; it is of ufe, however, 
to record the experiments by which her produOions may be 

B b 2 imitated; 
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imitated; for though the line of human undemanding will 
never fathom the depths of divine wifdom, difplayed in the 
formation of this little globe which we i»habit; yet the im- 
pulfe of attempting an inveftigation of the works of God is 
irrefiftible; and every phyfical trutli which we difcover, every 
little approach which we make towards a comprehenfion of the 
mode of his operation, gives to a mind of any piety the moft 
pure and fublime latisfa&ion. 
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IX. Obfervations and Remarks on ihofe Stars which the AJirono- 
mers of the lajl Century fufpeSled to be changeable . By Edward 
Pigott, Efq .; communicated by Sir Henry C. Lnglefield, 
Bart. F. R. S. and A . S. 


Read February 9, 1786. 

I T is about a century fince Hevelius, Montanari, Flam¬ 
steed, Maraldi, and Cassini, noticed a certain number 
of ftars which they fuppofed had either difappeared, changed 
in brightnefs, or were new ones; and yet to this day we have 
acquired no further knowledge of them. This may be attri¬ 
buted to the difficulty of finding out what ftar is meant, and 
the not having exadt observations of their relative brightnefs. 

I therefore have drawn up the following catalogue, and made 
the neceffary obfervations *, fo that in future we can examine- 
them without much trouble, and be certain of any change 
that may take place. To accomplifh this, it was requifite to 
compare with attention many authors and moft of the cata¬ 
logues of ftars; in doing which I have perceived feveral un¬ 
doubted errors, and others highly probable; but as entering 
into a ciiicufiion of fuch difagreements would fwell this account 
confiderably, and make it very intricate, I fhall avoid, as much 
as pofiible,. any thing of the kind that is not immediately 
neceffary. 

In order to feparate certainty from doubt, I have clafled thefe 
fors in two divifions; the firft are undoubtedly changeable 

the- 
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the others remain yet to be better authenticated; Though feme 
of them bear all the appearance of being variable, ftill no cer¬ 
tainty of their being fo has come to my knowledge. To thofe 
of the firft clafs are fubjoined obfervations made on them 
within thefe laft four years, from which the period and pro- 
greffive changes of fome are deduced, though never- fettled 
before, and if already known are more exactly determined by 
comparing my obfervations with former ones. Alfo, as the 
polition of feveral are determined only by ancient aftronomers, 
and therefore inaccurately, I have obferved them with great 
exadnefs, the declinations being taken with a Bird’s eighteen- 
inch quadrant, and the right afcenfions with a three-feet tranfit 
inftrument: thefe laft may ferve in future to difcover their 
proper motions in right afcenfion, for which reafon I lhall 
fpecify the ftars to which they were compared. The ftars of 
the fecond clafs have either their relative brightnefs exadly 
fettled, or their non-exiftence afcertained. I have alfo pointed 
out the probability of a miftake in feveral, and in general 
given an account of the appearance they have had within thefe 
few years. 


Catalogue 
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Catalogue of variable Stars, reduced to the beginning of 1786. 

Clafs the firft. 


Names. 

R. A. in 
time. 

Declination. 

Greatefi 
and ieaft 
magnitudes. 

Nova I 57 2 » * n 
opea, . • • • i 

9 Ceti • • • • 

k* / // 

OO 13 OO — 

0 / // 

62 58 + N 

1 — 0 

2 8 33 

3 57 25 S 

2-0 

Algol .... 

2 54 19 

40 6 55 N 

?—4 

Mayer’s 420th in Leo 

9 3 6 5 

12 25 00N 

6-0 

In Hydra ... 

13 18 4 + 

22 9 38 S 

4—0 

Nova 1604 in Ser -1 
pentarius . . 4 J 

& Lyr® . . * . 

17 18 QO — 

21 10 \ S 

1 — 0 1 

18 42 II 

33 7 46N 

3 “ 4-5 

Near the Swan’s head 

19 38 58 

xb 48 f N 

3 ~ 0 

?? Antmoi * . • 

19 41 34 

00 28 14N 

3 - 4 ~ 5 

In the Swan’s neck* 

19 42 21 - 

32 22 58N 

5 -o 

In the Swan’s breaft 

20 9 54 

37 22 37 N 

[3—° 

i Cephei * . * 

22 21 OO- 

57 20 00N 

14 - 3 - 4-5 


From whence re¬ 
duced. 


f Riccioltts’s kU 
1 mageftum, 
Bradley. 

Mayer. 

Mayer. 

From my obfervat* 

Phil. Tr. N° 346. 

Bradley. 

Phil. Tr. N° 65* 
La Caille. 

From my obfervat. 
Fiom my obfervat* 
Flamsteed* 


Heyeuds’s 6 Caffiopese 

46 or | Andromedge 
50 or v Andrcmedse 
Heyelius , 84i Andtom. 
Tycho’s 20th Ceti 

$£ or Neb* Andromeda* 
Ftol* and Ul.Beigh 1 
a Eridani . * J 

41 Taun . * • 

47 Eridani . * * 

Near 53d Eridani . 
y Cams Majoris. 

fi Geminorum * • 

| Leon is . * % . 

<4 Lcoms * * 

25th Leonis * * 

Bayer s l Leonis * 
i Prise Majoris , * 

3 


Clafs the fecond. 


QQ 23 l6 

60 5,0 00 N 

7 - 0 , 

I 9 46 

44 24 00N 

4.5-5.6 

I 24 l6 

40 20 15N 

4 . 5 - 0 

I 28 40 

41 31 $N 

5 “ • 

1 39 • 

13 20 . S 

5-0 

x 40 30 

39 40 3 n 

6 — « 

2 42 . 

9 40 . S 

4—0 

3 53 2 7 

27 00 39N 

5 -° 

; 4 23 54 

8 41 40 8 

4-0 

4 29 00 

12 30 — 8 

4-0 

, & 54 ' 5 

>5 *9 3 6 s 

3-0 

7 32 11 + 

28 31 38 N 

1 - 3 

9 20 24 

12 14 23 N 

4-6 

9 3 a 3 

14 59 36N 

5.6- 0 

946 * 

12 20 36N 

6.7—0 

9 52 i 

IS 3Q . Nj 

6—0 

lta 4 45 

58 13 24 Nj 

a - 4 


Hevelius* 

Flamsteed* 

Flamsteed, 

Hevelids* 

Tycho. 

Flamsteed. 

Ul. Beigh* 

Flamsteed. 

Flamsteed. 

By eftimation. 

La Carle* 

Maskelyne. 

-Mayer* 

Mayer. 

Flamsteed* 

Tycho. 

La Caille* 

Clafs 



p-i fa- pw 


Mr. Pigott’s Obfevvatms on 
Clafs the fecond continued. 


t$Z 


Names. 


R. A. in 
Time. 


Declination 


Gteateft 
and lead 
iiw^niturLs. 


From whence ie*> 
duced. 


n Vitginis . . • 
Bayer’s % neir g*'3L 
In N. thigh 01' Virgo 
gi Virginia • . . 

Draconis * . 

In weft feales eft Libra 


“• / // 
n 7 43 

12 53 oo 
29 + 

13 43 43 
13 5 8 3 6 

H S 3 I 


0 / n 

00 24 16 N 
10 00 • S 
00 30 . b 
2 5 50 N 
61; 24 8N 

13 26 * S 


6 0 
6-0 
6—0 
6-0 
2-4 

6-0 


Mayer, 

From maps* 

Fiom maps. 
Flamsteed# 
BRADirY. 
LMcaule PAcad 
1 des Sciences# 


* 


ProL.andUL,BEiGH ? s 1 
6th unformed tn Libra j 
a Libras , , . . 

TycWs Itth Libras 
3 Seipentis 
ear«Uifa Minoris 
roL. 14 Ophiuchi 
rotu 13 Ophiuchi 
roL, 18 Ophiuchi * 

<r Sagittarii # * . 

0 Serpentis * . . 
Tycho’s 27 th Capricor. 
Tycho’s 22d Androm. 
Tycho’s 19 Aquarii 
a Andromedie , 

La CauxsF* 483 ] 
Zodi. Cat. . . jj 


15 29 4 - 



17 2 14 
17 18 + 

17 22 • 

18 42 00 
18 45 35 
21 41 . 
2* 4 S 1 

22 25 r 

22 52 6 
22 40 


20 30 • S 

19 58 27„s 

19 30 . s 
17 14 00N 
82 | . N 
26 15 37 S 

20 35 . S 
24 io . S 
26 3$s 34 S 

2 56 26N 
!428 , S 
49 15 . N 
15 55 • S 
41 to 45N 

8 30 45 S 


4-7 

Ul. Beich. 

4- . 

La Caielb, 

4-0 

Tycho. 

6 ’-*•'0 

Flamsteed# 

6-'o 

|From maps* 

4*^0 , 

Be \i>eey# 

4 _o 

Ptol. 

5-0 

Ptol* 

2-4 

Mayer. 

4-5 

La Caillc* 

6—0 

Tycho. 

4-0 

Tycho. 

6-0 

Tycho. 

4-6 

La Caille#’ 

7 -° 

La Caille. 


I fliall now proceed to give a fhort account of thefe fta^s* 
and begin with thofe of the firft clafs. 


The famous Nova of 1572 in Cafliopea. 

1 

Several aftronomers are of opinion, that it has a periodical 
return, which Keill and others have conje&ured to. happen 
every 150 years. This is alfo my opinion; and I cannot think 
its not being noticed at the completion of every term a mate* 
















the changeable Stars, igg 

rial objection, fince perhaps, as with moft of the variables, it 
may at different periods have different degrees of luftre, fo as 
fometimes to increafe only to the ninth magnitude; and if this 
be the cafe, its period is probably much {hotter. This Induced 
me, in September 1782, to take a plan of the fmalleft ftars 
near its place, and which I have examined often fince, but 
found no alteration. 


0 Ceti. 

Since the end of 1782 I have obferved very exadly the de- 
creafe of brightnefs of this ftar; but never have feen it of 
above the 6th magnitude. Oft. 29, 1782, it was of the 7th 
magnitude, and gradually decreafed till Dec. 30, it being then 
of the 8 . 9th magnitude. 

1783, Feb. 16, certainly lefs than the 9th magnitude. 

1783, Auguft 25, of the 6th magnitude, and gradually de¬ 
creafed until Dec. 14, being then of the 10th magnitude, and 

equal to the little ftar clofe to it. 

17S4., Jan. 11, X thought it by intervals ftill lefs than the 

fame little ftar. 

1784, Sept. 12, it was of the 7 . 8th magnitude, and gra¬ 
dually decreafed until Dec. 9, and then was of the pth mag¬ 
nitude, and rather brighter than the little ftar. 

As a matter of curiofity, I have deduced its period from the 
' t * imes w hcn it was equal to a certain ftar in the courfe of its 
decreafe; the refults were 320—337 and 328 days; but M. 
Cassini determined its mean period with greater exaftnefs to 
be 334 days. Mr. Goodricke faw it Aug. 9, 1782, of the 
2d magnitude, rather brighter than « and lefs than 0 Ceti. 
Sept. 5, it was of the 3d mag nitude, bein g equal to y Ceti. 

Vol. LXXVI. "* Cc A ’g° U 
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Algol. 


The period of Algol, difcovered by Mr. Goodricke, gave 
us Ibme new light into the nature of the fixed flats. Though 
the phenomena feem to attract the attention of moft aflrono- 
mers, ftill there are fome points which require fuither invefti- 
gation. Its degree of brightnefs,^ when at its minimum , is 
different in different periods; and alfo, I think, when at its 
full, it is fometimes brighter than « Perfei, and at other times 
lefs. Whether thefe differences return regularly after a certain 
number of periods remains yet to be examined. My laft obfer¬ 
vations, when it was at the middle of its minimum , are, . 


1785* July 8, at 11 50 undoubtedly lefs than g Perfei. 

__ July 31, at 9 50 equal to g Perfei. 

f a remarkable obfervation ; rather lefs than J Perfei j. 
\ evidently brighter than g; nearly of the 3d mag. 


Sept. 12, at 10 45 


Mayer’s N° 420, lately difcovered to be variable by M. Koch. 

A few years before 1982, M. Koch faw the N° 420 un¬ 
doubtedly lefs than the N° 419 of Mayer’s Catalogue. 

In February 1782, he found them both exactly of the fame 
brightnefs, therefore of the 7th magnitude. 

From an extra# of a letter I have lately feen, the variable 
was of the 9th magnitude in April, 1783, and of the 10th in 
April, 1784. 

I have often feen the N° 419, but never the variable, though 
I have frequently looked for it with a night-glafs, and on the 
4th of April, 1785, in a 3-feet achromatic tranfit inftrument. 


Variable 
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Variable in Hydra. 

Maraldi, in 1 704, having found that this {tar had a pe¬ 
riodical variation, continued to examine it for feveral years, 
and concluded its period to be about two years, though with 
confiderable variations; in which he was much miftaken, as 
will appear from the following refults, which {hew that its 
period in all probability is tolerably regular, and only of 494 
days. 

Dates when it was at the middle of its greateft brightnefs, 
eftimated from Maraldi’s obfervations. 

1704, March 14, he faw it nearly of the fame magnitude 

from the beginning of March until the 
beginning of April; it then decreafed. 

1705, • ♦ • he faw it very faint in November, 1705, 

and found it decreafing : this obfervation 
is too imperfect. 

1708, May 22, accurately determined; its increafe and de- 

creafe being well obferved. 

1709, Nov. 10, :: doubtful, its decreafeonly being obferved. 

1712, May 1, :: ditto, ditto, ditto. 

1784, Jan. 26, by me, very accurately, its increafe and 

decreafe being obferved. See the Obfer¬ 
vations that conclude this paper. 

1785, May 27, ditto, ditto, ditto. ' 

The four greateft intervals of Maraldi’s Obfervations give' 
for fingle periods in days thus 495—517—48° ami 510, the 
mean being 500I, which is tolerably exadl confidering how 

C c 2 doubtful 
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doubtful the obfervations of 1709 atul 1712 are. My two 
make It 487 days * but ac the interval is only a iingle period, 
it may err 10 days; 1 therefore lhall take a mean between the 
refults, which is 494, and proceed on to the following compa¬ 
nions of Mar alpi’s two bell: obfervations with mine. 


170S, May 22,| j n terval of 5 6 periods, each of 493f days* 
*784, Jan. 26J 

22 *\ interval of 57 periods, each of 493! days. 
1785, May 27, J r 

1704, Mar. 14, | - nterva i 0 £ -q periods, each of 494I days. 
1784, Jan. 26,J 

W* Tur^" interval of 60 periods, each of 494$ days. 
,785, May 27,J * __ 

A fmgle period, on a mean,. 494 days. 


If Maraldi’s obfervations of 1704 and 1708 are exad to 
a month, and there is no reafon to believe otherwife, the pe¬ 
riod at that time feems to have been a few days longer than it 
is at prelent, and therefore the one here deduced may be 
efteemed as the mean period* 


Particulars of the changes it undergoes. 

1. When at its full brightnefs it is of the 4th magnitude,, 
and has no perceptible change for about a fortnight. 

2. It is about fix months in increafing from the 1.0th magni¬ 
tude, and returning to the fame. 

3. Therefore it may be confidered as invifible alio during fix 
months 

4. It is confiderably quicker in increafing than in decreafing, 
perhaps by half. 


Though 
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Though when at its full it may always be ftiled of the 4th 
magnitude, it does not couftantly attain exactly the fame de¬ 
gree of brightneis, but the differences are very {mail, as 
fhewn below. 


1704, brighter than 4-. 1 g f much brighter than ■ 4 , being nearly 

5 b between 4 * and V Hydr® 

1708, brighter than 4,. 1785, rather brighter than 4. 

Its mean right afeenfion, computed' from my obfervations, 
and reduced to Jan. h 1784, is 

O 4 it 

f from 4 obfervations, compared to £ WR, made between March 
29 30 i and May 1784.. 

199 29 21 from 2 ditto, compared to Mayer’s 538, made in May, 1784. 

199 29 20 from5 ditto,compared toyHydne,made between March andMay, 1784. 

199 29 24 — mean right afeenfion for Jan. I* 1784* on a mean, 

Heyelius’s 30th Hydfae is the above ftar ;• he marks it of: 
the 6th magnitudeI find it in no other Catalogue. 


TKe famous Nova of 1604, in Serpentarius; 

A full account, of thisftaris given by-K epler, and it feems 
to have had a fimilar appearance to the Nova in Cafiiopea; 
therefore the reflections delivered there need not be again re¬ 
peated.. In-July, 1782, I took a plan of-the fmalleft ftars • 
near its place, which was. examined. every year fince, but.no 1 
alteration was perceived. 


jS Lyras. 

Mr. Goodkicke difeovered the variation and period of' this' 
jftar,' and hopes foon-to fettle its different phafes with more 

exaCtnefs-;.; 
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exadtnefs; I fliall therefore not enter into any detail, being 
certain it cannot be in better hands. In his la ft account he 
mentions having firft fufpedted the period to be only of fix days 
nine hours; fuch has always been my opinion, and which ma¬ 
terial point will probably be more fatisfadtorily determined in 
his next publication. 


Nova near the Swan’s Head of 1670. 

This ftar was firft feen in December 1669 by Don An- 
thelme ; it foon became of the 3d magnitude, and difappeared 
in 1672, after having undergone feveral variations. I have 
conftantly looked for it fince November, 1781* without fuc- 
cefs; had it increafed to only the 10th or nth magnitude, I 
fhould have perceived it, having taken an exadt plan of all the 
Unrounding liars. 


vj Antinoi. 

The variation and period of this ftar I difcovered laft year* 
and had the honour of communicating an account of it to the 
Society : as at prefent a long interval is elapfed fince my firft 
obfervatians, and that lately I have noted fome of its phafes 
with - exadtnefs, I lhall compare them to thofe obferved in 
1784, which of courfe will give refults more fatisfadfory. 
The period, as fettled in my former paper, is 7 d. 4I1. 38'; 
but for realbns there alledged, it muft be much lefs precife 
than the following. 

times when 57 Antinoi was between 
its leaft and greateft brightnefs. 

Thefe 


1785, July 18, at 9 h. 
Sept. 6, at 18 
.Sept. 27, at 22 
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Thefe being compared to fimilar obfervations of Sept. 12 
and 19, 1784, make the length of a fingle period thus: 

D. H. M. 

7 4 J3 

7 4*9 
7 4 17 

7 4 22 

7 4 7 

7 4 12 

7 4 15 on a mean. 

I fee no reafon to alter materially the other points; but be¬ 
lieve them more exad thus: 

40 hours at its greateft brightnefs. 

66- in decreasing. 

30 —— at its leaf!. 

36 —— in increafing. 

It alfo, in every period, feems to attain the fame degree of 
brightnefs when at its full, and to be equally decreafed. 


Variable in the Swan’s Neck. 

During thefe three years I have obferved this ftar with par¬ 
ticular attention, as may be feen by the obfervations that con¬ 
clude this Paper, and determined the middle time of its greateftr 
brightnefs very exaftly, thus: 

1783, July 9, of the 6 . 7th magnitude. 

1784, Aug. 4, of the 5 . 6th . . 

1785, Sept, x, of. the 6th .. .— • 


The r 
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The fecond of thefe, being compared to that of Nov. 20, 
1687, made by Kirch, gives 406 days exactly for one period, 
the interval between them being 55322 days, and divided by 
87 periods. I make the divilor 87, in order to get a refult 
neareft: to that fettled by Maraldi and Cassini of 405, and 
by M. le Gen til of 405,3 days. We cannot fuppole that 
thefe great aftronomers have made any miftake; and on the 
other hand, it feems hardly poffible, that the mean of my 
oblervations alone, which makes the period 392 days, can 
.err 14; but perhaps its period is irregular; to determine which 
ieveral intervals of 15 years ought to be taken, and I am 
much inclined to believe, that it will be found of only 396 
days 2i hours. 


Particulars of the changes it undergoes. 

1. When at its full brightnefs it has no perceptible change 
for about a fortnight, 

2. It is about months in increafing from the nth mag¬ 
nitude to its full brightnefs, and the fame in decreafing. 

3. Therefore it may be confidered as invifible during fix 
months. 

4. It does not attain the fame degreee of brightnefs at every 
period, being fometimes of the 5th, and other times of the 
7th magnitude. 

Its mean right afcenfion, computed from my oblervations, 
and reduced to Aug. 1, 1783, is 


295 
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&g 5 33 46 from 2 obferv, compared toy Cygni, made in July and Auguft, 1783. 
2295 33 45 from 2 dttto, compared to y Lyras, ditto, 

295 33 45 from 1 ditto, compared to a Lyras, made in Auguft, 1783, 

2295 33 55 from 3 ditto, compared to 0 Lyr®, made in July and Auguft, 1783* 

295 33 52 from 2 ditto, compared to £ Cygni, made in Auguft 1783* 

2295 33 48I mean right afcenllon for Auguft 1, 1783, on a mean. 


Variable in the Swan’s Breaft. 

This ftar was firft feen by G. Jansonius in 1600, and 
afterwards frequently obferved by different aftronomers, but 
with intervals of ten or more years, which is probably the 
reafon why no regularity in its changes has yet been deduced. 
I have examined minutely the obfervations made in the laft 
century, and fhall venture to give the following refults. 

1. Continues at its full brightnefs for about five years. 

2. Decreafes rapidly during two years. 

3. Invifible to the naked eye for four years. 

4. Increafes flowly during feven years. 

5. All thefe changes, or its period* are completed in i& 
years. 

6. It was at its minimum at the end of the year 1663. 

It does not always increafe to the fame degree of brightnefs, 
being fometimes of the 3d, and at other times only of the 6th 
magnitude. I am intirely ignorant whether it is fubjedi to the 
fame changes fince this century, having ‘not met with any feries 
of obfervations on it; but if the above conjectures are exaCt, it 
will be at its minimum in a very few years. Since November, 
1781, I have conftantly feen it of the 6 th magnitude, being 
rather lefs than N° 2-8, 29, and /»> and rather brighter than 
Vol. LXXVI. D d # 
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36 and 40 Cygni. Sometimes I fufpedt it has rather decreafed 

within thefe two laft years, though in a very fmall degree. 

Its mean right afcenfion, computed from my obfervations, 
and reduced to Sept. 1, 1782, is 

302 26 43 from 3 obfervations, compared to y Cygni, made in Oftobcr, 1781* 
302 26 46 from 3 ditto, compared to y Cygni, made in Auguft, 1782. 

302 26 52 from 1 ditto, compared to g Aquilae, made ditto. 

302 26 46 from 1 ditto, compared to * Cygni, made ditto. 

302 26 39 from I ditto, compared to $ Andromedae, made in Oftober 1781. 

302 26 45 mean right afcenfion for Sept. 1, 1782, on a mean. 

Flamsteed has this ftar in his Catalogue; but, I believe, 
obferved it only once. 


$ Cephei. 

This is the laft variable ftar difeovered, and again by Mtf. 
Goodricke. Its changes are very difficult to be feen, unlefs- 
examined when at its minimum and full brightness. I have 
lately made fomegood obfervations on it thus: 

1785, Aug. 30, at 14 h. lefs than e Cephei. 

3 r, at 9 h. equal if not brighter than £ Cephei. 
Sept. 15, at iaf h. lefs than s Cephei. 

16, at 8 h. between e and £ Cephei. 

— at 11 h. increafed, but not as bright as £1 

17, at 11 h. rather brighter than £ 

26, at 1 if h. equal or lefs than e» 

27, at 8 h. evidently brighter than £. 

Therefore it was between its leaft and greateft brightness 
Auguft 31, at noon, and Sept. 26, at 21 h.: thefe being com¬ 
pared to my firft obfervations, when alfo between its leaft and 
greateft brightnefs oil Nov. 20, at 3 h. and Nov. 30, at 15 h. 

* 7 ^ 4 * 
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1784, give the following refults, the mean of which corrobo¬ 
rates that deduced by Mr. Goodricke of 5 d. 8 h. 37'!. 

D. H. M. 

5 8 35 

5 8 4i 

5 8 33 
5 8 39 

Length of a fingle period 5 8 37 on a ir.Oan. 


§ Cephei concludes the ftars of the firft clafs; thofe that 
follow are of the fecond. 

Hevelius’s 6 th Caftiopeae. 

In 1782 I firft perceived that this ftar was miffing; nor 
could 1 find it in 1783 and 1784. 


46th or £ Andromedae. 

This ftar is faid to have diminifhed in brightnefs. In 1784 
and 1785 I found it, by very exa£t obfervations, lefs than 0, 
equal to a * 9 and brighter than d and yet I muft mention 
that it is marked in my journal as being fometimes brighter, 
and at other times lefs than a *; but ftill I am not convinced, 
that it varies in brightnefs. Flamsteed, in his Catalogue, 
annexes no character to his 46th Andromedae; but in vol. II. 
of his Hift. Coeleft. p. 135. and 138. he marks it 

* I fufpe£t an error in this chara&er, but cannot be certain. H« E. 


Pd a 
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F-lamsteed’s 50, 52, t Andromedse, and Hevelius’s 4® 

Andromedae. 

As the portion and characters of thefe ftars differ confidera-. 
bly in different Catalogues, and that fome of them are men¬ 
tioned by Cassini to have difappeared and re-appeared, I fhall 
give their brightnefs as obferved in 1 ^83, 1784* an ^ I 7 ^ 5 * 

Flamsteed’s 50th of the 4.5th magnitude, and equal, if 

not rather lefs than <p Andromedae. 

, r of the 5th magnitude, and equal to 4.6 

and 48 Andromedae. 

*» . 

° of the 5 . 6th magnitude, and are of the 
fame brightnefs. 

Hevelius s 41 j 

A ftar between Flamsteed’s 52 and' Hevelius’s 41 is of 
the 6th magnitude, or rather lefs. I could not fee Tycho’s 
19th Andromedae; but I take this ftar to be the fame as Heve¬ 
lius’s 41 Andromeda. 

Tycho’s 20th Ceti. 

This muftbe the ftar which Hevelius faid had difappeared,. 
being Tycho’s fecond in the Whale’s belly. There can hardly 
he any doubt but that it is the mifplaced by Tycho. This 
X is of the 4.5th magnitude, and of the fame brightnefs as 
the three t|/ Aquarii. 

Flamsteed’s 55th Andromedae, marked Neb. in his Catalogue*. 

It is mentioned in the lateft Catalogues of Nebulae that 
this nebula could not be found. Flamsteed, who, I believe, 

l only. 
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only oblerved it once, vk. 0<ft. 17, 1691, does not mark it 
nebulous; nor does it appear to me fuch, but as a ftar of the 
6th magnitude. There are a few fmall ftars near it, which 
to the naked eye, when the air is very clear, make it appear 
nebulous, which probably is the reafon why Flamsteed 
marked it thus in his Catalogue. 


<r or Ptol. and Ul. Beigh’s 17th Bridani. 

Flamsteed fays, he could not fee this ftar in 1691 and 
1692. In 1782, 1783, and 1784, I obferved one of the 7th. 
magnitude in that place; the relative brightnefs of which ap¬ 
peared always the fame, vk. lefs than two little ftars- near and* 
below y Eridanu 


Flamsteed’s 41 Tauri. 

This ftar was thought by Cassini to be a new one or 
variable. I fee little or no reafon to be of that opinion; thar 
it is not new is evident, fince it is Ul. Beigh’s 26th and 
Tycho’s 43d. In 1784 and 1785 I found it of the 5th mag¬ 
nitude, being equal to 4, and brighter than P, and % Tauri.. 


Star about 2°$ North of 53d Bridani, and* 47 Eridani. 

The firft of thefe ftars Cassini thought a new one, and’ 
that it was not vifible in 1664. In 17S4 I found it was lefs 
than «, and d, brighter than A, and feemed equal to 4 » Eridani. 

Cassini mentions another ftar thereabouts, which he alfo* 
efteemed a new one: this is probably Flamsteed’s- 47th. In. 
1.784 it appeared rather lefs than 46th. 


Cani$ 
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y Cm is Majoris. 

Maraldi could not fee tillsftar in 1670; but in ihyz and 
1693 it appeared of the fourth magnitude. 1 have veiy fre¬ 
quently noticed it lince 1782, but perceived not the Icalh varia¬ 
tion, being couftantly of the 4th magnitude, v.ry little 
brighter than 8 , and decidedly brighter than u 


a |S Geminorum. 

If either of thefe ftars have changed in brightnefs, it is 
probably the (8. In 1783, 1784, 1785, the 0 was undoubt¬ 
edly brighter than «. 


Leonis. 

Montanari fays, this ftar was hardly vifible in 1693. I 
found it conilantly in 1783, 1784, and 1785, of the fame 
•brightnefs, being of the 5th magnitude ; lefs than A, tt, and, 
if any difference, rather brighter than h and w Leonis. Tycho, 
■Flamsteed, Mayer, Bradley, &c. mark it of the 4th 
magnitude. 


1 ]i Leonis. 

This ftar is faid to have difappeared before the year 1667. 
It is now, and has ever been fince 1783, of the 5 . 6th mag¬ 
nitude, being lefs than u, and brighter than /, Flamsteed’s 
46th. 

25th 


7 
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25th Leonis. 

In 1783 l firft perceived this ftar was miffing; nor was it 
vifible in 17S4 and 1785, even with the tranfit-inftrument. 


Bayer’s i Leonis, or Tycho’s 16 Leonis. 

It was not vifible in 1709, nor could I fee it in 1785. This 
is a different ftar from the i Leonis of the other Catalogues, 
though T ycho’s dejcriptlon of its place is the fame. 


$ Urfze Majoris. 

This ftar is fufpe&ed to change in brightnefs (fee Long’s* 
Aftronomy), on account of its being marked by Tycho, 
Prince of Hesse, &c. of the 2d magnitude; while Hevelius, 
Bradley, and others, have it of the 3d. At prelent, and 
for thefe three years paft, it appears as a.bright 4th magnitude* 
being rather lefs than 1, equal to «, and rather brighter than x, 
JDraconis. 


n Virginis. 

This ftar is fuppofed to be variable, becaufe Flamsteed*. 
on the 27th of January, 1680, fays he could not fee it. He 
obferved it May 12, 1677, and fome years afterwards, fince it 
is in his Catalogue. 1 examined it frequently in 1784 and 
1785, without perceiving the leaft change, being of the 6th 
magnitude, lefs than c, and rather brighter than a ftar three 
degrees lower in a right line with c and n Virginis. 


Bayer’" 
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Bayer’s ftar of 6th magnitude, i° South of g Virginia. 
This ftar is not in any of the nine Catalogues that I have* 
Maraldi looked for it in vain; and in May, 1785, I could 
not fee the leaft appearance of it. It certainly was not of the 
Sth magnitade. 


In the northern thigh of Virgo. 

This ftar, which is marked by Ricciolus of the 6th mag¬ 
nitude, could not be feen by Mar aldi in 1709; nor was it 
of the gth magnitude, if at all vifible, in 1785. 

91 or 92 Virginis. 

In 1785 I found that one of thefe ftars was miffing, and 
which feems to be the 91; the remaining one is of the 6.7th 
magnitude. 


a, Draconis. 

I am of Mr. Herschel’s opinion, that it is highly probable 
this ftar is variable. Bradley, Flamsteed, &c. mark it of 
the 2d magnitude; at prefent it is only of a bright 4th. I have 
frequently examined it fince Oftober, 1782, without per¬ 
ceiving the leaft change, being conftantly rather lefs than 1 
Draconis, equal to 2 Urfae Majoris, and rather brighter than x 
Draconis. 


Bayer’s ftar in the weft fcales of Libra. 

Maraldi fays he could not fee this ftar; ilof Could I itl 
1784 and 1785. With a night-glafs may be feen thereabouts 

fome 
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lome fmall ftars of about the 8th magnitude, none of which 
are near as bright as the 2d v Librae. 

Ftql. and Ul. Beigh’s N° 6 of the unformed in Libra. 

In examining different Catalogues I do not find this ftar in 
any other than the above, though it is marked of the 4th 
magnitude. If Ptolemy had not the x it might be thought to 
be that. In 1785 I frequently obferved a ftar of the 7th mag¬ 
nitude very near its place, which appeared rather lefs than 
Flamsteed’s 41. Flamsteed has not this little ftar in Iis> 
Catalogue; but he obferved it May 9, 1681. 


x Librae. 

This ftar is thought to be variable. I am not of that opi¬ 
nion ; though certainly it is rather Angular that Hevelius, 
whofe attention was direded to this part of the heavens, to 
find Tycho’s nth, did not obferve the x ; and the more fo, as 
he has noticed two much lefter ftars not far from it. During 
thefe three years I have found the x conftantly of the 5th mag¬ 
nitude, being lefs than or &, equal to A, and brighter than >?. 


Tycho’s nth Librae. 

Hevelius fays he could not find a ftar of the 4th magni¬ 
tude in Libra noticed by Tyciio. This muft be Tycho’s 
nth, fince he has all the others. It was not vifible in 1783, 
3784, and 1785, nor probably ever exifted ; for it is, I. think, 
evident, that this 1 ith is no other than the with an error of 
two degrees in longitude. 

Vol. LXXVI, £ e 
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33 Serpentis. 

In 1784 I perceived that this ftar was miffing; nor was is 
viiible in 1785 with a night-glafs. 


A liar marked by Bayer near s Urfae Minorjs. 

Cassini could not fee this liar. in 1782 I took, with a 
night-glafs, a plan of all the ftars near its place, and near 
the e, none of which were brighter than the 7 . 8th magni¬ 
tude. I have fiuce re-examined the plan, but found no alte¬ 
ration. 


The § or Ptol. and Ul. Beige’s 14th Ophiuchi or Flam¬ 
steed’s 36th. 

I have no doubt but that this is the ftar which is faid to* 
have difappeared before 1695. It is alfo evident, by what- 
Hevelius lays in his Catalogue on the 9 and B, that the £ 
was not feen by him. In 1784 and 1785 I found it of the 
4.5th magnitude, much brighter than 39, alfo rather 
brighter than 51 and 58, and lefs than 44. On the 30th of 
June, 1783, I have marked it in my journal equal to 39, and 
lefs than 51 and 58 j but as the obfervation was not repeated, 
1 am far from being certain it has undergone any change, par¬ 
ticularly as this ffar has a fouthern declination of 26% and 
therefore great attention, muff he given to the ftafe of the* 
atmofphere. 


Ptql«. 
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Ptol. 13th and 18th Ophiuchi, 4th magnitude. 

If there is no error in the Catalogue, thefe two ftars have dif- 
appeared; but I am confident that Ptolemy’s 13th is Flam¬ 
steed's 40th, and that Ptolemy’s i 8th ought to be marked 
with a north latitude inftead of fouth, which would make it 
agree nearly with Flamsteed’s 58th. 


<r Sagittarii. 

Mr. Herschel, with great reafon, has placed this flar 
among thofe which probably have changed their magnitudes. 
I had long fince remarked the Angular difagreement in all the 
Catalogues, which induced me to obferve it frequently, parti¬ 
cularly in 1783, 1784, and 1785, when it appeared of the 
% . 3d magnitude, and brighter than w Sagittarii. 


6 Serpentis. 

Montan ari fays he faw this Aar of the 5th magnitude, 
and that the next year it grew bigger. I examined it fre¬ 
quently in 1783, 1784, and 1785, and found it always lefs 
than £ Aquilse, equal to /3 Aquilae, and P Ophiuchi; 4^ 
magnitude. 

Tycho’s 27th Capricomi. 

This ftar was not vifible in Hevelius’s time; nor could I 
fee it 1778, 1782, 1784, with the tranfit-inftrument. 

E e 2 Tycho’s 
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Tycho’s 22d Andromedac and 0 Andromedae. 

Cassini remarked, that the ftar placed by Tycho at the 
end of the chain of Andromeda as of the 4th magnitude, was 
grown fo fmall that it could fcarcely be feen. This is Tycho’s 
N° 22, the longitude and latitude of which places it near the 
two 7r Cygni, and where no ftar wasvifible in 178431x1 1785. 

As poflxbly, by Tycho’s defcription, Cassini took the 2ad 
for the 0 Andromedae, I have alfo examined this ftar, and in 
1783, 1784, and 1785, found its relative brightnefs thus •- 
lefs than « Cephei; equal to '( Caffiopeae,, though, if any dif¬ 
ference, rather brighter; and brighter than z, or < Andromedae- 

* Tycho’s 19th Aquarii. 

This is the ftar that Hevelius fays was miffing, and that 
Flamsteed could not fee with his naked eye Nov. 18, 1679 
nor could I fee the lead: appearance of it in 1782. I am con¬ 
vinced it is the fame ftar as Flamsteed’s 56th, marked/by 
Bayer, from which it is only i°f. Flamsteed’s 53d,. 
marked /in Ptolemy’s Catalogue, is a different ftar. 

La Caille’s 483 Aquarii. 

I firft difcovered that this ftar was miffing in 1778. It was 
not vifible in 1783, 1784. 

There are a few other ftars fufpefted by die ancient aftro- 
nomers to have been new or altered a little in brightnefs, 
which I have omitted, not feeing any reafbn to think them*fo ; 
and feme that are certainly variable, but cannot be obferved in 
.1 thefe 
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thefe latitudes. I have alfo, contrary to my firft intention, 
added feveral which are not mentioned by them; fuch are 
thofe that I lately difeovered to be miffing. 

Perhaps many perfons would place in the firft clafs feveral 
ftars which I have put in the fecond, relying on the pofitive 
affertions we have of their having difappeared, diminiffied, or 
being new; for my part, I am confident that moft of thefe 
fuppofed changes may be attributed to miftakes; and in general 
for thofe that are faid to be loft, an attentive comparifon of 
different Maps and Catalogues will point out the error; and 
thus I have ventured to give my opinion of Tycho’s 20th. 
Ceti, nth Libras, and 19th Aquarii, &c. Since Flam¬ 
steed’s Catalogue has been more particularly inveftigated, the 
number of thefe fuppofed loft ftars is confiderably increafed 
but if the fecond volume of his Hift. Coeleft. is alfo examined, 
many errors will be dete&ed ; among which it will appear very 
unaccountable, that the 71ft, 80th, and 8rft of Hercules, 
which were difeovered to be miffing by Mr. Herschel, are 
not in Flamsteed’s obfervations under the name of Hercules, 
though I looked for them with particular attention, and find 
the 70th. The 19th Peifei, which Mr. Herschel alfo could 
not fee, was obferved but once by Flamsteed, vi%. Jan- 
16, 1693, and in all probability is the r with the time of its 
tranfit erroneoufly fet down. The r was obferved on Jan. 17* 
1693, and Jan. 18, 1694. Befides thefe Mr. Goodricke has 
found feveral other errors ftill more evident. I fcarcely need add, 
that thefe corrections do not in the Jeaft intimate any miftake 
or diminifh the merit of thofe that firft point them out, but 
fall entirely on the ancient catalogues and obfervations. 

Mr. Herschel, in fele&ing feveral ftars which poffibly may 

be reckoned new ones, veryjudicioufly gives us plaufible reafons 

not 
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not to lay great ftrefs on their being To; and the following 
remark only confirms what he there fuggefts; for that ftar of 
the 5th magnitude following r Perfei, mentioned by him, 
and which with great reafon might be efteemed a new one, is 
in all probability the fame as one obferved by Flamsteed, 
Jan. 18, 1694, though not inferred in his Catalogue. 

With regard to thofe ftars which are faid to have diminiftied 
or incrcaled, as thofe in Andromeda, Leo, See. they are, in 
my opinion, far from being confirmed as variable. I know, 
from repeated experience, that even more than a fingle obfer- 
vation, if not particularifed and compared with neighbouring 
ftars, is very little to be depended on j different flates of the 
weather, thin {freaks of clouds, have feveral times made me 
err a whole magnitude in the brightnefs of a ftar. 

Whether thefe apparent changes in the ftars proceed intlrely 
from themfelves; or whether they are effected by any foreign 
power that may in part occafion fome of their particular ap¬ 
pearances and irregularities, we have not fufficient data to 
determine: but whatever are the caufes, a divifion of the 
different phaenomena feems to be the moft probable means of 
forwarding any conjecture that hereafter may be formed; I 
{hall therefore divide the fir ft clafs into three orders. 

The fir ft contains thofe that are periodical with long inter¬ 
vals ; and fuch I reckon 0 Ceti, that in Hydra, that in the 
Swan’s breaft and neck, and alfo Mater’s N° 420. 

For the fecond order I (hall mention only three, though 
others might be added; but the accounts of them are fo unfa- 
tisfa&orily recorded, and their places fo little known, that I 
prefer felefting only that in Caffiopea of 1572, that in Ser- 
pentarius of 1604, and that near the Swan’s head. The 
phaenomena of thefe certainly bear a great refemblance to the 

firft: 
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firft : ft ill their fudden appearance, and no certainty of a pe¬ 
riod, or at leaft infinitely longer, are, I think, fufficient rea- 
fons to feparate them. 

Laftly, Algol, ij Antinoi, jG Lyr*, and J Cephei, are fo 
fimilar to each other, and fo different from the above, that 
there can bp but little or no hefitation in diftinguifhing them; 
alfo the caufe of their changes feem in general to be attributed 
to fpots, and a rotation on their axis. This property of the 
fixed ftars, though often fufpefted, was far from being evident 
till within thefe two years; and we are not only indebted to 
Mr. Goodricke for the difeovery of the firft, but alfo for 
three of the only four known. 

Further may be added, that all thofe of the firft order 
(Mayer’s 420 being yet fo little known remains doubtful) 
attain in different periods different degrees of brightnefs when 
at their full; alfo the progreflive increafe of brightnefs of 
that in Hydra, that in the Swan’s breaft, of 0 Ceti, /3 Lyras,, 
sy Antinoi, and l Cephei, is not fimilar to their decreafe. This 
peculiarity with regard to Algol is yet uncertain, owing to the 
rapidnefs of its changes, fo that there is only one that feems to 
have thefe points uniform, viz the variable in the Swan’s 
neck. 

I fhall now conclude with the obfervations from which fome 
refults, given in this Paper, have been deduced; they are here, 
collected together, in order to avoid confufioo. 


Obfervationfi- 
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Obfervations on the variable in Hydra. 


4 Variable 


* 

00 
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y of jv! magsn 
4 of ^ t)i — 
t of 6.7th—- 
x of 8th —- 
n of 11 th —* 


17835 Dec. 114 A.M. much lefs than 4 > and rather lefs than h 

24# A.M. equal, if not lefs than* 4 ; of the fame colour as 4 '* 

(brighter than 4; of about £ of the difference between 
17845 J an * 4 * A,M* ^ 4, anc j y j of a more copper colour than 4 * 

9’ Ijf any difference brighter* 

10.A.M. J 

(with the naked eye,it appeared in brightnefs nearly between. 
25. A.M. ^ auc j y; and o£ a more copper colour than either 4 or y. 
Jeb. 1. 1 of the fame brightnefs, but feemed of a more copper 
2. J colour, 

23. between 4 and k 5 air not clear. 

i between 4 and L but nearer the brightnefs of 4 * 

; March 10. J 

April 11. 

12. 

19. 

May 2. 

9, rather lefs than £, and brighter than x . 


V rather brighter than i. 


4784, Dec. I.A.M* did not fee thevariable ; ftfong moon-light* 


9. A.M ; 

ditto 

ditto. 

22. A.M. 

ditto 

ditto. 

45185, Mar. 4. or ir. 

ditto 

ditto. 


April 17. faw the#, but not the variable. 

f vifible to the naked eye; lefs than 4* a&A much brighter 
4 * thani; of a more copper colour than 4 . 

7 * i rather lefs than 4 » 

*x. J 

May 
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17S5, May 14. equal to 4,; air not very clear, and moon-light. 

15, equal to air clear; moon-light. 

19. undoubtedly brighter than ; little hazy; moon near* 

rt/i 

V rather brighter than 4s moon*light ftrong. 

27 • J 

June 10. rather brighter than 4 % though I think decreafed, 

12. equal to but am not lure if the {ky was quite clear* 

13, rather lefs bright than ^; air clear. 

Mr. Goodricke alfo frequently obferved the variable, and 
obfervations agree with the above. 


Obfervations on vj Antinoi. 

li. 

S785, May 20 . at I2§ equal or lefs than • Antinoi. 

21. —- I2§ equal to t , evidently lefs than 0 ; moon-light, 

22, — I2j| equal if not brighter than # Aquila:; moon, 

— — I2j thought it brighter than (S; air clear. 

June io. — 12% rather brighter than » Antinoi. 

12. — nf rather brighter than *, lefs than $. 

13. —- I 2 | a little brighter than #, muchlef* than }. 

July 15. — I2§ lefs than (3, brighter than ». 

17. — II lefs than 1, brighter than ft. 

18. — 11 between • and ( 3 , I think rather nearer ff. 

IQ. — I0 ^l between 0 and 3 , rather nearer# ; air clear, 

nij 

20 . — r I rather brighter than #, certainly equal. 

Aug. 30. —• 9§ rather brighter than #, at lealt equal to it. 

31.— 9 much brighter than #. 

Sept. 6.—« 9 lefs than 1;. a finglc view of it, not very fatjsfaftory, 
7,— 9! much brighter than #. 

much lefs than # or», brighter than 
27*"“ * "1 much lefs than #, lefs than ?, brighter than ft. 

I0 i J 

»8.— 9I ra/Arr brighter than #. 

-H increafed a little in brightnefs. 

Vol, LXXVI. F f 


IO|J 


The 



2.i 8 Mr. Pigott’s Obfervations on 

The brightnefs of the ftars to which ij Antinoi is compared are 
given in the Philofophical Tranfa&ions, voi. LXXV. part I. 


Obfervations on'the variable in Cy gnu s’s Neck. 

AsKiRCH’spIno, 
(fee Phil. Tranf. 
abridged by 
Jones) is much 
she fame as this., 
I have annexed 
the fame letters 
to the ftars*. 


,4 

. * * * 

* % 

X 01 6th mag. 
d of 7th — 

„ * l * s 

e of 7th — 
a of 8th —* 

% & * 

Variable *<? 


b * 


•b of 8th — 

• .* a 


c of 8.9 — 

* d 


h of qth — 


Dates. 

Mag. 

1783 o 

■ 

Mar. 28 

0 

June 9 

7 

11 

7 

33 

£•7 

3 ° 

6 . 7 

July 15 

6.7 

27 

7 

Aug. 71 

7 

8 

7 

16 

1 ' 

35 

7 - 

Sept. 4 

7 * 8 

12 

8 

22 

8.9 

34 

9 

oa. 14 

9. 10 

24 

ro . 11 

27 


1784 

0 

April 23 

10 , II 

24 

10 . IJ 

May 9, 

9 * JO i 


if vifible, not of the 8th magnitude, 
rather brighter than d or e . 
rather increafed. 
lefs than %+ 
rather increafed. 

of the fame brightnefe’ as on the 30th of June* 
a little brighter than d or e . 
rather brighter than d j decreafed, 
equal to dm 

lefs than d 7 brighter than r. 
lefs than t. 

think brighter than a, 
equal to a. 

much lefs than a 7 equal tov, and'brighter than b * 
equal to h* 
lefs than b* 

f feen with the greateft difficulty; lefa than any ftars of the 
\ pfan j am doubtful if I faw it by intervals* 


f I lboked conft&ntly for the variable between October and 
1 April, but could not fee it. 
lefs thamany ftars, of: tfaepUu* 
ditto. 

rather lefs than h\ 


1784 




the changeable Stars; 


zip 


Dates. 

Mag. | 

1784 

May 21 

OO 

June 17 

8 

July 21 

6 

22 

6 

27 

6 

Aug. 1 

5 * 6 

10 

6 

13} 

6 

19 j 

6 . 7 

Sept. 2 

12 

6.7 

19 

7 

20 

7 

oa. s 

7.8 

16 

7-8 

Nov. 11 

; 9 

17 

IO 

i 7 8 S 

May g 

0 

June 21 
July 23 
Aug. 131 

9 . io 
8 | 

7 

*5 J 

271 

28} 

6 . 7 

30 

6 

Sept. 2' 

• 1 

6 

i 

II 1 

. 6.7 

12 

261 

• 7 

2 7 , 


rather brighter than h , but net fo bright as h 

equal to <?, brighter than b • 

equal to % with the naked eye. 

if any difference the % was the brightefL 

rather brighter than 

undoubtedly brighter than 

think it decreafea, but ftill rather brighter than 

rather lefs than 

much decreafed, lefs than x > but brighter than d, 

flill brighter than d. 

if any difference brighter than d* 

rather lefs than d • 

lefs than e 9 about equal to a. 

rather brighter than a . 

lefs than A, about equal to/♦ 

| rather lefs than f. 


not vifible. 
lefs than b . 

rather brighter than a * 

f a little brighter than </and lefs than %; ant hire 

i I could fee it with the naked eye. 
f not fo bright as x* nmch brighter than J; I could fee it 
1 with the naked eye, but the x morc dUtin&ly. 
not quite fo bright as x I **aked eye* 

ditto ditto* 

[very difficult to fee with the naked eye, dccreafed in 
1 brightneft; air clear. 

r though the air was remarkably clear, it was with the utnsoft 
[ difficulty I could fometimes fee it with the naked eye* 
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X. An Account of a Subpence of the Ground near Folkftouw; 
on the Goaf <3/ Kent. In a Letter from the Rev. John Lyon,- 
M. A. to Edward King, Efq . F. R. S. and A. S. Commu¬ 
nicated by Mr. King in a Letter to Charles Blagden, M. Da 
Sec . R. S .; with Remarks. 


Read February 16, 17 & 6 - 

TO DR. BLAGDEN, Sec. R. Sv 
DEAR SIR, Mansfield-Sweet* Dec. 22,. 1785. 

H AVING always thought the account given in the Phi- 
lofophical Tranfadtions, by Mr. Sackette*, about the- 
beginning of this century, concerning the motioa of the Cliffs*, 
and of the adjacent ground, near Folkftone in Kent, a very- 
curious one, and deferving of much attention; both becaufe of 
the many pofitive atteftations there were of ancient men with 
regard to it (who were both mariners, and ufed to obferva- 
tiotf); and becaufe of the lingular conlequences that would 
follow, from the afeertaining of fuch a fadt, in a. philofophical 
light; I have conftantly, whenever I had any opportunity* 
made repeated enquiries concerning the matter, of fuch per- 
fons as I thought likely to. be able to afford me any fatisfa&ory 
information.. 

* See Phil. Tranjf, vol. XXIX. N® 349, or Jones’s Abridgment, voh IV* 
part XL p* 248. 

Ameftglk 
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Mr. King’s Account, &c. 

Amongft the reft, I mentioned it laft fummer to my worthy 
and very curious friend Mr. Boys, of Sandwich ; who feemed 
furprifed at the narration, and had never before heard of any 
fuch phenomenon. However, in lefs than a fortnight after 
our convention, 1 was agreeably furprifed by receiving a letter 
(dated 24th Sept. 1785), in which he faid, I am Jorry your 
health will not permit ycu to make the tour you at firjl propofed ; 
efpecially as fomething very curious has happened within thefe 
few days at Folkjlone. Part of the cliff, to the wefward of the 
town, a little way from the church, has funk , and continues 
finking into the earth ; raifing the ground , about the finking part , 
in a very extraordinary manner. This cor ref ponds with what you 
faid to me on the Jubjedi of Stutfall-Cajlle, &c .; and certainly 
deferves your attention. If 1 could, by going thither, give you 
any fatisfadtion , IJhall be ready and happy to obey your commands. 

Being, through illnefs, prevented from examining this cu¬ 
rious phaenomenon myfelf, I accepted this obliging offer of 
Mr. Boys, and requefted his affiftance: and although he a!fo 
was prevented from going to the fpot himfelf, yet he applied 
to a friend of his, the reverend Mr. Lyon, of Dover; who 
has made repeated vifits to the place, to obtain all the informa¬ 
tion poffible; and has, at laft, fent to me a very accurate 
drawing, together with an explanatory letter; which I now, 
with great pleafure, venture to lay before the Royal Society. 

I rouft, however, at the fame time, beg leave to obferve, 
that although Mr. Lyon differs from Mr. Sackette, in his 
eonclufion, concerning the motion of the whole adjacent coun¬ 
try, and controverts that faft; and has certainly given a more 
clear and fatisfadtory account of the prelent: phaenomenon* 
than Mr. Sackette did of that which he wrftied to record j 
yet they both agree in imputing a tnfl remarkable effedi (only in 

different 
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different ways) to the paffage of the fprings, and drains of 
water, through the ftratum of loofe marie, on which the whole 
country refts ; an effect which muft needs produce, at different 
periods of time, various alterations on the furface; and may 
moft probably have ocafioned much greater changes in the face 
•of the country than that made in the prefent inftance. 

Whether therefore Mr. Sackette was right or wrong, in 
his great and final conclufion, concerning the motion of the 
whole coajl ; what he records, on the teftimony of fo many 
aged perfons (in which they perfifted with great ferioufnefs 
and on the fulleft confideration), does furely ftill deferve at leaft 
to be born in mind, and to be attended to with much circum- 
fpeftion; efpecially on a coaft, where perhaps fixed points may 
be attempted to be afcertained, at fome time or other, in order 
to complete the moft accurate and moft curious philofophical 
menfu rations. 

And 1 muft further venture to obferve, in vindication of 
Mr. Sackette’s account and conclufions, that although Tar- 
lingham-houfe has indeed been rebuilt, fince the time referred 
to by the oldi man who converfed with Mr. Lyon ; and there¬ 
fore that old man’s remark might be occafioned merely by that 
circumftance} yet it had not been rebuilt in Mr. Sackette s 
time 5 and, therefore, no fuch circumftance could be the occa- 
fion of its coming recently in view, at that period when he 
wrote, in parts of the coaft where it had not been poffible to 
fee it at fome time before. 

And as to the Mooring Rock, fo particularly referred to by 
Mr, Saqkettb, being mua utterly unknown ; it ought to be re* 
piembered, that Mr. Sackettb, in his defcription of it, fays, 
that it lies furrounded. with gr'eat numbers of other rocks, and 
was on this account chiefly a noted one, beaaufe at it veflels ufi to 
7 be 
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be moored , while they are loading other rocks, which they take 
from hence , not only for our own pier-heads, but for thofe oj 
Dover Pier; and a very great quantity of them were flipped in 
the time of Oliver’s ufurpation, and carried to Dunkirk, for 
the fervice of that harbour. Confidering, therefore, that the 
enormous pile of Ramfgate Pier has been built Alice that time, 
(which, though ir be chiefly compofed of Portland ftone, had, 

I apprehend, foundations and interior parts of ruder materials) 
and that there have been other Vaft demands for ftone, it is not 
at all unlikely, that this very Mooring Rock , mentioned by Mr. 
Sackette, has itfelf been carried away in like manner as 
the others were that ufed to furround it; and that this is the 
foie reafon why it is now no longer known, and totally 
forgotten. 

I am, Sir, with much* efteem, &c. 

EDWARD KING. 

V. S; There is a peculiarity hi Mr. Lvov’s lketfch, Tab. V. 
(defigued to illuftrate the grounds* of his objections to Mr. 
Sa-ckette’s conelufions) which demands fome explanation. 
After having given a feCtion of the cliff and fhore, the lines' 1 
(inftead of being continued in the fame plane, and in the direc¬ 
tion of the fame feCtion) are drawn fo, as to be conceived as ex¬ 
tended on thefurface of the country from the eye of the obferver 
at E. Without attending to this circumftance, what he fays is 
not veryeafily to be uiiderftood*; and indeed I muftftill think, 
that Mr. Sackette does not defervefo muchcenfure, although 
Mr. Lyon’s be undoubtedly a moft accurate account, and moft 
dfear Mutton of the prefent phenomenon. 

TO 
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TO EDWARD KING, ESQ*, 

SIR, Dover, Npv. 24, 1785. 

AS I have been requefted by my friend Mr. Boys, of 
Sandwich, to examine into the caufe of the finking of fome 
ground near the town of Folkftone, in this neighbourhood, 
and to fend you the refults of my inquiries; I have made it 
my bufinefs to attend particularly to the fubjed. I have been 
twice to view the place. I have endeavoured to procure the 
beft information, and have compared my remarks with what 
the reverend Mr. Sackette formerly faid upon the fame 
fubjed to the Royal Society. 

That you may have a clearer idea of the place where the 
ground is finking, I have annexed a drawing of it, taken from 
a fmall hill near the foot of the cliff". 

AA (Tab. IV.) reprefents the length of the ground, 13a 
feet, which is funk 40 feet from the top of the cliff DD. 

BB, is a fiffure, in the valley between the finking ground AA 
and the hill HH, and in which there are many fmaller chafms. 

C, the tower of Folkftone-Church, not far from the cliff 
DD. 

E, part of the town of Folkftone, as feen between the cliff 
DD and the hill HH. 

F, the high chalk cliffs at a diftance, leading toward® 
Dover. 

G, a track of pafture land, between a high range of hills 
and the fea. 

I, the beach, at the foot of the hill H. 

KK, Rocks, faid to be raifed (and I believe they are) by the 
finking of the ground A A. 

1 


Ae 
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As I intend, in explaining the caufe of the finking of the 
ground AA to you, to advance an opinion of my own, and to 
controvert what the reverend Mr, Sackette formerly faid 
upon the fubjeft, it may be neceflary to explain the nature of 
the foil, as far as it is open to view, in the neighbourhood of 
Folkftone. 

The chalk cliffs FF, which begin at Dover, form oppofite 
Folkftone town high hills, and leaving the ftiore, there is a 
a large track of arable and pafture land between them and the 
fea. 

Part of this ground is fhewn in the view at G, and is a kind 
of marie, which contains pyrites, fragments of the Cornu 
Ammonis, and many other foflil bodies. 

Next to the marie is a loofe fandy foil (fee the cliff DD) 
intermixed with a very large, hard, and coarfe kind of ftone, 
in which are often found foflil oyfter Ihells. 

This fandy foil refts upon a marie, which at the cliff DD 
is in fome places three or four feet above the beach, and when 
wet is very flippery. A ftratum of this marie extends for 
many miles 011 the coaft, and where it is not fufficiently co¬ 
vered with fand to bear any weight, it is in many places a 
quag, and dangerous to pafs over. 

Through this track of land I have deferibed, there are many 
drains of water, which may be fupplied partly from the falling 
of the rains in wet feafons, and partly from the fprings iffuing 
from the hills; and there is reafon to fuppofe, that in a loofe 
foil thefe drains form channels in a courfe of time. At the 
place where the ground has funk before, and is now finking,,* 
there is a drain from the marie under the fand; and I am of 
opinion, that the courfe of the water is in the fame dire&ion 
Vol. TXXVI, Gg • as 
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as the valley between the hill H and the finking of the ground 

AA. 

That the finking of the ground is caufed by the foundation 
being undermined (and I think by water) is evident from the 
appearance of the ground in the valley. The foil is full of 
fi fill res, and refembles an arch, which is funk down, and has left 
the two abutments, the hill H and the cliff DD, {landing. 

As the hill H more than counter-balances the prefiure of 
the finking ground upon the ftratum of wet marie, the confe- 
quence is, that the rocks KK, at lome yards diftance, being 
only thinly covered with fand, are forced upwards, and become 
vifibie, and the wet marie in many places is- fqueezed through 
the fand with them. 

This appears to me to be the true reafon of the finking of 
the ground at one place, and the rifing of the rocks at-' 
another. 

That the reverend Mr. Sackette’s account of the finking; 
of the ground at Folkftone, to- the Royal-Society, is founded in': 
error, I have not the lead: doubt,, from the prefent appearance 
of fome of the objedts he deferibes. I am rather at a lofs to 
follow him exactly, as- the oldefi: man in the town of Folk- - 
Rone (1 am told), never heard of the Mooring-rock he 
mentions. 

I think by his defeription the finking of the ground muft 
have been-in 1 his time at the fame place it is now, as Tarling- 
liam-houfe is not to be feeu omthe other fide of the town* 

Admitting this to be the cafe, there will fiill be a'difficulty 
• refpedting the relative fituation-. of each place in explaining 
what he calls a {ketch of the country. But, to explain 
my meaning more fully, let B (Tab, V.). reprefent the 

foot 
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foot of the hill H in the view, which is upwards of 30 feet 
high. 

CD, the valley between the hill B and the cliff. 

DE, the cragged cliff, €0 yards high. 

EF, a plain, above a mile long. 

FG, a hill of fteep afcent, Mr. Sackette fays near half a 
mile; but this is much higher than it really is. 

GH, the land from, the top of the hill to the houfe near a 
mile. 

I, Tarlingham-houfe, lying two miles and a half N.N.W. 
from the rock. 

EGH, a line of fight (fee Mr. Sackette’s defcription of 
the country). 

If Mr. Sackette, in the above defcription of his fketch 
of the country, had placed each objedfc according to its real 
fituation; and if the effefts he has mentioned had been real 
ones, they would have been truly wonderful, and worthy the 
attention of the curious inveftigator of the hidden operations 
of nature; but I am apprehenfive he had but very little better 
foundation for what he has faid than the vague and inconfiftent 
reports of a few ancient fifhermert. Tarlingham-houfe is by 
Mr. Sackette’s account fituated full as far beyond the hill 
FG as the width of the plain EF; but how deep the hill has 
funk to render the houfe vifible over the top muft depend upon 
the fituation of it, vh> how much higher it was than the top 
of the hill. 

If the hill has funk only ten feet, there muft have been 
fome external evidence of it, fuch as fiffures round the bale, 
and a very fteep afcent from the top of it, where the repara¬ 
tion happened between it and Tarlingham-houfe; but there 
ate no traces of any fuch finking of the hills. 

Gg2 


There 



22,8 Mr. King’s Account , &c. 

Theie is faither pioof that Mr. Sackette did not examine 
into the matter himfelf, but refted what lie faid upon the report 
of others; and this is, that Tarlingham-houfe is not feen 
ovei the top of the hill in the line of fight EG, but confi- 
derably to the left of it, in the line El, and clear even of the 
bafc of the hill. Bcfides, a moment’s leficdion would have 
told him, that the finking of the hills could not pioduce the 
effeds he mentions; for if the ground in the plain was puflied 
foiward by it, it could not be a partial flipping; not only the 
chuich, and the whole town, muft have been removed, but 
eveiv objed between the bafe of the hills and the cliff muft 
have been removed out of their place; but I may venture to 
affirm, there is no proof of this having been done. I fhould 
have been drawn into the fame or fimilar errors myfelf, if I had 
refted fatisfied with the firft accounts I received from an ancient 
fiflierman. He told me the fame ftory of the hills finking in 
his time, and Tarlingham-houfe appearing higher than it did 
Cnee he could remember. In one part of his relation he was 
light; for I found, upon inquiry, that Tarlingham-houfe has 
been taken down, and built upon, a much larger fcale than for¬ 
merly, fince it has been in the hands of the prefent proprietor. 

If what I have faid fhould not prove fatisfadory, I fhall be 
happy in giving you any farther information upon this fubjed 
in my power; and an?. Sir, &c. 


J. LYON. 
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XI. Particulars relative to the Nature and Cujloms of the Indians 
of North-America. By Mr. Richard M c Caufland, Surgeon 
to the Kings or Eighth Regiment of Foot . Communicated by 
Jofeph Planta, Efq. Sec. R. S. 


Read February 16, 1786. 

I T has been advanced by feveral travellers and hiitorians that 
the Indians of America differed from other males of the 
human fpecies in the want of one very chara&eriftic mark of 
the fex, to wit, that of a beard. From this general obferva- 
tion, the Efquimaux have been excepted; and hence it has 
been fuppofed, that they had an origiii different from that of 
the other natives of America. Inferences have alfobeen drawn, 
not only with refpeft to the origin, but even relative to the 
conformation of Indians, as if this was in its nature more 
imperfect than that of the reft of mankind. 

It appears fomewhat Angular that authors, in deducing the 
origin both of the Efquimaux and of the other Indians of 
America from the old world, fhould never have explained to us 
how the former came to retain their beards, and the latter to 
lay them afide. To afcertain the authenticity of this point 
may perhaps prove of little real utility to mankind; but the 
Angularity of the fa£t certainly claims the attention of the 

curious; and as it is impoffible to fix any limits to the infe¬ 
rences 
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rences which may at one time or another be drawn from 
alledged facts, it muft always be of confequence to inquire 
into the authenticity of thofe fa<fts, how little interefting 
foe ver they may at prefent appear. 

I will not by any means take upon me to fay that there are not 
nations of America deftitute of beards; but ten years refidence at 
Niagara, in the midft of the Six-Nations (with frequent opportu¬ 
nities of feeing other nations of Indians) has convinced me, that 
they do not differ from the reft of men, in this particular, more 
than one European differs from another: and as this imperfection 
has been attributed to the Indians of North-America, equally 
with thofe of the reft of the Continent, I am much inclined to 
think, that this affertiou is as void of foundation in one region 
as it is in the other. 

All the Indians of North-America (except a very fmall 
number, who, from living among white people, have adopted 
their cuftoms) pluck out the hairs of the beard; and as they 
begin this from its firft appearance, it muft naturally be fup- 
poled, that to a fuperficial obferver their faces will feem 
fmooth and beardlefs. As Further proof that they have beards, 
we may obferve, firft, that they all have an inftrutnent for the 
purpofe of plucking them out. Secondly, that when they 
negleft this for any time, feveral hairs fprout up, and are feen 
upon the chin and face. Thirdly, that many Indians allow 
tufts of hair .to grow upon their chins or upper lips, referabling 
thofe we lee in different nations of the old world. Fourthly, 
that feveral of the Mohocks, Delawares, and others, who 
live amongft white people, fometimes fhave with razors, and 
Ibmetimes pluck their beards out. Thefe are fafts which are 
notorious amongft the Army, Indian-Traders, &c.; and which 
a are 
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are never doubted in that part of the world by any perfon in. 
the lead: converfant with Indians: but as it is difficult to tran- 
fport a matter of belief from one country to another diftant 
one, and as the authors who have maintained the contrary opi¬ 
nion are too refpe&able to be doubted upon light grounds, I 
by no means intend to reft the proofs upon what has been faid, 
or upon my fingle affertion. 

I have provided myfelf with two authorities, which I ap¬ 
prehend may in this cafe be decifive. One is Colonel Butler, 
Deputy Superintendant of Indian Affairs, well known in the 
late American war, whofe great and extenfive influence amongft 
the Six-Nations could not have been acquired by any thing lefs 
than his long and intimate knowledge of them and their lan¬ 
guage. The other authority is that of Thayendaneg a, com¬ 
monly known by the name of Captain Joseph Brant, a Mo¬ 
hock Indian of great influence, and roach fpoken of in the 
late war. He was in England in 1775, and writes and fpeaks 
the Englifh language with tolerable accuracy. I ftull there¬ 
fore only fubjoin their opinions upon this matter, the originals 
o-f which I have under their own fignatures. 

Colonel Butler’s. 

i 

THE men of the Six-Nation Indians have all beards natu¬ 
rally, as have all the other nations of North-America which I 
have had an opportunity of feeing. Several of the Mohocks 
fhave with razors, as do likewile many of the Pauees who are 
kfept as flaves by the Europeans. But in general the Indians 
pluck out the beard by the roots from its earlieft appearance $ 
an,d as their faces are therefore ftnooth, it has been fuppofed 
that they were deftitute of-beards. I am-even o-f opinion, that 
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f the Indians were to pra&ife {having from their youth, many 
sf them would have as ftrong beards as Europeans. 

(Signed) 

Niagara, April 12, 1784. JOHN BUTLER. 

Agent of Indian Affairs. 


Captain Brant’s. 

THE men of the Six-Nations have all beards by nature; 
as have likewife all other Indian nations of North America 
which I have feen. Some Indians allow a part of the beard 
■upon the chin and upper lip to grow, and a few of the Mo¬ 
hocks fhave with razors in the fame manner as Europeans; 
but the generality pluck out the hairs of the beard by the roots 
as foon as they begin to appear; and as they continue this prac¬ 
tice all their lives, they appear to have no beard, or at moft 
only a few {haggling hairs which they have negle&ed to pluck 
out. I am however of opinion, that if the Indians were to 
fhave they would never have beards altogether fo thick as the 
Europeans; and there are fome to be met with who have 
actually very little beard. 

(Signed) 

JOS. BRANT THAYENDANEGA. 

Niagara, April 19, 1783. 

Upon this fubjed I fhall only further obferve, that it has 
been fuppofed by fome, that this appearance of beard on 
Indians arifes only from a mixture of European blood ; and that 
an Indian of pure race is intirely deftitute of it. ‘But the na¬ 
tions, amongft whom this circumftance can have any influence, 
bear fo fmall a proportion to the multitude who are unaffeded 

by 
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by it, that it cannot by any means be eonfidered as the caufe; 
nor is it looked upon as fuch either by Captain Brant or 
Colonel Butler. 


I fhall here fubjom a few particulars relative to the Indian* 
of the Six-Nations, which, as they feem not to bs well un- 
derftood even in America, are probably Hill lefs known in 
Europe. My authorities upon this fabjech as veil as upon 
the former, are the Indian Captain Brant and Colonel 
Butler. 

Each nation is divided into three or more, tribes ? the prin¬ 
cipal of which are called the Turtle-tribe, the Wolf-tribe, 
and the Bear-tribe. 

Each tribe has two, three, or more chiefs, called Sachems ; 
and this diftmftion is always hereditary in the family, but de¬ 
fends along the female line: for inftance, if a chief dies, one 
of his lifter’s fons, or one of his own brothers, will be ap¬ 
pointed to fucceed him. Among thefe no preference is given 
to proximity or primogeniture; but the Sachem, during his 
frfe-time, pitches upon one whom he fuppofes to have more 
abilities than the reft; and in this choice he frequently, though 
not always, confults the principal men of the tiibe. If the 
fucceflor happens to be a child, the offices of the poft are per¬ 
formed by fome of his friends until he is of fufficient age to aft 
himlelf. 

Each of thefe pofts of Sachem has a name which is peculiar 
to it, and which never changes, as it is always adopted by the 
fucceflor; nor does the order of precedency of each of thefe names 
«r titles ever vary. Neverthelefs, any Sachem, by abilities and 
affcivity, may acquire greater power and influence in the nation 

Vol. LXXVI. H h than 
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than thofe who rank before him in point of precedency ; but 

this is merely temporary, and dies with him. 

Each tribe has one or two chief warriors, which dignity is 
alio hereditary, and has a peculiar name attached to it. 

Thefe are the only titles of diftin&ion which are fixed and 
permanent in the nation; for although any Indian may by fu- 
perior talents, either as a counfellor or as a warrior, acquire 
influence in the nation, yet it is not in his power to tranfmit 
this to his family. 

The Indians have alio their Great Women as well as their 
Great Men , to whole opinions they pay great deference; and 
this diftin&ion is alfo hereditary in families. They do not fit 
in council with the Sachems, but have feparate ones of their 
own. 

When war is- declared, the Sachems and great Women gene¬ 
rally give up the management of public affairs into the hands 
of the warriors. It may however fo happen, that a Sachem 
may at the fame time be alfo a chief warrior. 

Friendihips feem to have been inftituted with a view 
towards ftrengthening the union between the feveral nations 
of the confederacy; and hence Friends are called the finews of 
the Six-Nations. An Indian has therefore generally one or more 
friends in each nation. Belides the attachment which fubfifts 
during the life-time of the two friends, whenever one of 
them happens to be killed, it is incumbent on the furvivor to 
replace him, by prefenting to his family either a fcalp, a pri- 
foner, or a belt confiding of fome thoufands of wampum; 
and this ceremony is performed by every friend of the deceafed* 

The purpofe and foundation of war parties therefore, is in 
general, to procure a prifoner or fcalp to replace the friend os 
relation of the Indian who is the head of the party. An In¬ 
dian 
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riian who wxfhes to replace a friend or relation prefents a belt 
to his acquaintance, and as many as chufe to follow him accept 
this belt, and become his party. After this, it is of no confe- 
quence whether he goes on the expedition or remains at home 
(as it often happens that he is a child), he is ftill coniidered as 
the head of the party. The belt he prefented to his party is 
returned fixed to the fcalp or prifoner, and pafles along with 
them to the friends of the perfon he replaces. Hence it hap¬ 
pens, that a war party, returning with more fcalps or prifoners 
than the original intention of the party required, will often 
give one of thefe fupernumerary fcalps or prifoners to another 
war party whom they meet going out; upon which this party, 
having fulfilled the purpofe of their expedition, will fometiraes 
return without going to war. 
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XII. AhftrctB of a Regijer of the Barometer , 'thermometer, and 
Rain at Lyndon in Rutland, &1785. By Thomas Barker,. 
Rfq % Afo 0f the Rain at South Lambeth, in Surrey ; and at 
Selbourn and Fyficld, Hampshire. Communicated by Thomas 
White, Efr F.R.S. 


Read February 23, 1786. 
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The fevere froft of December, 17 84, broke early in January/ 
and was all gone before the middle, and the raoft open part of 
this fharp winter followed it, being mifty or thick and warm 
very wet air; but the laft day of January another froft fet in, 
which, though not fo fteady as the former, was fometimes 
very fevere, and did not go away till near the middle of March : 
and this winter, particularly the former froft about December 
10, was much feverer in the fouth of England than here, and 
greater ligns of deftruction by it were feen among the trees 
and plants there. From the breaking of the froft till April 4, 
was chiefly frofty mornings, and fometimes in the fhade all 
day, fo that, if you count the number of frofty days, I do not 
know that any winter had more, though I have known feveral. 
longer frofts, and more fteady, and fome few more fevere. 

From April 5, the weather began to mend, was tolerably 
pleafant, and things came on gradually; yet not without fome 
frofty mornings, even in May. The feed time began late, but 
was without hindrance; and there having been very little rain 
fince the froft, it harrowed remarkably fine, and the lands and 
roads were uncommonly dufty. The corn came up very well, 
except the late fown, fome of which, efpecially in the fouth of 
England, lay dry till June; for it continued a remarkably dry 
time all fpring, fo that the grafs was very ihort, and hay very 
fcarce; yet the grain continued particularly fine-coloured,-and 
eared very well, though fome of the winter corn was rather, 
thin; yet that was much mended by fome refreshing foowers 
in May and June, which were enough to frefhen things^ 
though not to make much grafs : and during this drought there 
were great numbers of little whirlwinds, fometimes foveral in 
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The weather began to be {howery the middle of July, and 
feveral great rains; and after Auguft 3d it was more frequent, 
but lefs at a time. This made plenty of good grafs, but was 
very troublefome for the harveft, which was got in {lowly, 
and with lofs, but came out again full as well as could be ex¬ 
pected. The wheat was remarkably full-eared. The barley 
good, except the late fown, which never ripened; and fome 
too haftily carried in harveft. The birds of paffage went away 
rather early this year: almoft all the Swifts were gone in July, 
and raoft of the Swallows and Martins in September; the laft 
were Auguft 7, and Oftober 12. It continued very fliowery till 
near the middle of Oftober; after which the autumn was 
pretty fine, and lefs wet than before, yet enough to make it 
very dirty when the fun loft its power in December; and the 
winter began for the moft part open and pleafant, till a froft 
and large fnow at Chriftmas, which grew feverer to the end 
of the year. 


On the Variations of Seafons. 

Meafuring the rain for a few years will not Ihew completely 
the general quantity of rain which falls in any place; for there 
is a very great difference at different periods of time. If I 
had meafured the rain at Lyndon only in the four years 1740, 
1741, 1742, 1743, the mean would have been found to be 
only 16| inches in a year; yet they were not all complained of 
as dry fummers. 1740 was cold and dry till July 30. The 

fpring 
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fpring 17+1 was cold and dry, the fummer hot, dry, and 
burning till the beginning of September; then ten days wet 
and very warm again, being the fineft autumn for grafs ever 
known. 1742 was a Ihowery fummer, and 1743 wet in the 
middle; but then the winters were dry, fo that the quantity of 
rain upon the whole was fmall. 1741 to 1750 the mean was 
i8f inches. 1741 and 1750 were hot, dry, and burning, 
1750 being the hotted; year I have known. The intermediate 
years were neither very wet nor very dry; and this was the 
moll plentiful and cheapeft time for corn of any ten years I 
remember; for grain oftener fails in England from too much 
wet than too little. 1751 to 1760 the mean year was 224.. 
1760 was hot, dry, and burning; but feverai of the fummers 
were wet, and the crops not fo plentiful. Three wet fum¬ 
mers together, 1754, 1755* and 1756, were a time of fcarcity, 
and we have had more failing crops fince that time than before 
it. From 1761 to 1770 there was 23! in a year. , 1762 was 
hot, dry, and burning; and 1765 cold and dry; but feverai 
years were wet, 1763 and 1768 remarkably fo; and of thofe 
ten years feverai had failing crops, and fome had great fnows. 
There was a great change of the feafons *at 1763; for I have 
had more rain fince that time than I had before it in the pro¬ 
portion of 5 to 4. From 1770 to 1780 there was at a mean 
26 inches. 1771 was dry, and 1778 and 1779 were hot, yet 
not without fits of rain; and moft of the other years were 
wet, and fome great fnows. 1773, 1774? an ^ J 775 » were 
wet that there came 32 inches in a year, which is nearly dou¬ 
ble what there was from 174° to 1743* ^- n twelve months, 
from October 1773, to September 1774, there came 39,390. 
inches of rain, which is nearly a Lancafhire year. And in 
o one. 
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ione month, September 1774, there was 8 inches: this was 
in barley and peafe harveft, and for three weeks together not a 
load could be carried in. By the above ftate of the cafe it 
appears, that, for four fucceflive periods of ten years, the 
quantity of rain has been increafing each time. 
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Sill. An Account of 'Experiments made by Mr. John M fc Nab, 
at Henley Houfe, Hudfon’s Bay, relating to freezing Mix¬ 
tures. ‘By Henry Cavendifh, Efq. F. R. S. and A. S. 


Read February 23, 1786. 

TN my obfervations on Mr. Hutchins’s Experiments, 
^ printed in the LXXIIId volume of the Philofophical Tran- 
fadhons, I gave my opinion concerning the caufe of the cold 
produced by mixing fnow with different liquors. As there 
were fome circumftances, however, which feemed to form a 
difficulty in the way of this opinion, I was defirous of having 
further experiments made on the fubjed; and at the fame 
time I thought that, by proper management, a greater 
degree of cold might be produced than had hitherto been 
done. On mentioning the- experiments I wifhed to have 
made to Mr. Hutchins, he very obligingly defired Mr. 
M c Nab-,- Mailer at Henley-Houfe, to try them; who was fo 
good as to undertake the bufinefs, and has executed it in the 
moft fatisfa&ory manner *, as he has not only taken great pains, 
but has fhewn the utraoft attention and accuracy, in obferving 
and relating all the phaenomena which occurred, and has mani- 
jfcfted great judgement in frequently adapting the manner of 
trying the experiments to appearances which occurred in for¬ 
mer ones, to which we are indebted for great part of the mod: 
curious fadts in this paper. His endeavours have alfo been 
attended with much fuccefs, as he has not only fhewn many 
remarkable circumflances relating to the freezing of the nitrous 
Voi* LXXVL I i 
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and vitriolic acids, and the phenomena of freezing mixtures J 
but has alfo produced degrees of cold greatly fuperior to any 
before known. 

i. In the above-mentioned Paper I faid, that the cold pro¬ 
duced by mixing fpiii: of nitre with fnow, is owing to the 
melting of the fnow; and that in all probability there is a- 
certain degree of cold, in which fpirit of nitre is fo far from 
diffolving lhow, that it will yield out part of its own water, 
and fufrer that to freeze, as is the cafe with folutions of con> 
nion fait; fo that if the cold of the materials, before •mixing, 
is equal to this, no additional cold can be produced. A cir- 
cumftance, however, which at firft fight feems repugnant to 
this opinion, occurred in an experiment of Fahrenheit’s for 
producing cold by a mixture of fpirit of nitre and ice ? namely, 
that the acid, which had been repeatedly cooled by different fri- 
©•orific mixtures, was found frozen before it was mixed with 
the ice; notwithftanding which, cold was produced by the mix¬ 
ture. Profeflor Braun al'fo found, that cold was produced by 
mixing frozen fpirit of nitre with fnow. On confideration, 
however, this appeared by no means inconfiftent with the opi¬ 
nion there laid down, as there was great reafon to think, that 
the freezing of the acid' was of a different kind from that con- 
fidered in the above-mentioned Paper, and that it did not pro¬ 
ceed from the watery part feparating from the reft and freez¬ 
ing ; but that the whole acid, or perhaps the more concentrated 
part, froze; in which cafe it would not be extraordinary that 
the acid fhould diffolve more fnow, and produce cold. 

2. To clear up this point, I fent to Hudfon’s Bay a bottle of 
fpirit of nitre, of nearly the lame ftrength as Fahrenheit’s? 
and defired Mr. M e Nab to expofe it to the cold, and, if it 
froze, to afeertain the temperature* and decant the fluid part into 
2 ■ another 
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another bottle, and fend both home to be examined, as it 
would thereby be known, whether it was the whole acid, or 
only the watery part, which froze. For the fame purpofe alfo I 
fent fome dephlogifticated fpirit of nitre of the fame ftrength, 
and alfo fome ftrong oil of vitriol. I alfo fent fome fpirit of 
nitre and fpirit of wine, both diluted with fo much water, that 
it was expected, that with the cold of Hudfon’s Bay they 
would fuffer the fir ft kind of congelation; that is, their wa¬ 
tery part would freeze, and thereby make the difference between 
the two kinds of freezing more apparent. 

3. In the fame Paper I fay, “ That on adding fuow gra- 
« dually to fome of the fpirit of nitre ufed by Mr. Hutchins, 
« I found, that the addition of a fmall quantity produced heat 
« inftead of cold; and it was not until fo much was added as to 
“ increafe the heat from 28° to 51 0 , that the addition of more 
“ fnow began to produce cold ; the quantity of fnow required 
« for this purpofe being pretty exaftly one quarter of the 
« weight of the fpirit of nitre, and the heat of the fnow and 
« air of the room, as well as the acid, being 28°. The reafon 
“ of this is, that a great deal of heat is produced by mixing 
44 water with fpirit of nitre, and the ftronger the fpirit is, the - 
“ greater is the heat produced. Now it appears from this 
44 experiment, that before the acid was diluted, the heat 
44 produced by its union with the water formed from the melted 
44 fnow was greater than the cold produced by the melting of 
44 the fuow; and it was not till it was diluted by the addition. 
44 of one quarter of its weight of that fubftance, that the cold 
44 generated by the latter caufe began to exceed the heat gene- 
44 rated by the former. From what has been faid, it is evi- 
44 dent, that the cold of a freezing mixture, made with the 
undiluted acid, cannot be quite fo great as that made with 

I i 2 “ the 
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“ the fame acid, diluted with a quarter of its weight of watetv 
fuppofmg the acid and fnow to be both at 28 of heat; and 
“ there is no reafon to think, that the event will be different if 
<< they are colder ; for the undiluted acid will not beg^n to 
generate cold, until fo much fnow is diflblved as to incrcafe 
« its heat from 2b 0 to 51°» fb that no greater cold will be 
“ produced,- than would be obtained by mixing the diluted acid 
«<• heated to 51 1 with fnow of the heat of 28’. This method 
“ of adding fnow gradually to an acid, is much the beft way 
“ I know of finding what ftrength it ought to be of, in order 
44 to produce the greateft effeft poffible.” 

As it feemed likely that, by following this method, a greater 
degree of cold might be produced than had been done hitherto, 

I lent three other bottles of fpirit of nitre and oil of vitriol, all 
three diluted, but not fo much fo, but that I thought they 
would require a little further dilution, in order to reduce them, 
to their propereft degree of ftrength. I alio feat a bottle of 
highly re&ificd fpirit of wine, and a mixture of equal quanti¬ 
ties of the above-mentioned common fpirit of nitre and oil of 
vitriol; and defired Mr. M c Nab to find what degree of cold- 
could be produced by mixing them with fnow, after having 
ftrft reduced them, in the above-mentioned manner, to their beft 
degree of flrength *. 

He was alfo defired to afeertain how much fnow he added; 
for as their ftrength was determined before they were (but out, 
it would thereby be known what was the beft ftrength of thefe 
liquors for frigorific mixtures. 

* This might have been done at home ; but I thought it not tmlikvly that the 
flrength found this way might differ, in fome meafure, according to the heat in 
which the experiment was tried* 

AH 
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All thefe bottles were numbered with a diamond; and as I 
fhall fometimes diftinguifh them by thefe numbers, and as it 
may he of ufe to thofe who may confult the original, I have 
added the following lift of thefe bottles, with their contents. 


m 


Weight of 

Specific 

Ea 

Liquors mentioned in Art, 3, 

uarble which 

gravity at 

H 

chey dilTolve. 

6o°ofheat. 

168 

Spirit of nitre,. 

Dephlogifticated fpirit of nitre, . . . . 

>582 

I > 437 1 

27 

>53 

1,4040 

'IO3 

Diluted oil of vitriol, . . . . * • . 

.654 

M 59 6 

28 

Equal weights of N° 168. andN° 103, . • 

~ ~ - 

,6195 

8 

Very highly re&ified fpirit of wine, * . • 


* 

Liquors mentioned in Art, 2* 
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Strong oil of vitriol, • • 

,98 

1.8437 

. H2 

Spirit of nitre,.* • • 

> 5 a S 

1.4043 

Some of the fame diluted with twice its weight 1 



*39 




141 

„ Dephlogifticated fpirit of nitre, . * * • 

>53 

*.4033 

* 43 . 

Some of the fame fpirit of wine as in N° 8,1 
diluted with if its weight of water, . j 

- - - 

- - 

72 

171 

Dilutedoilbfvitriolforcomparingthethermometers, 
Oil of vitriol of about the ufuai ftrength, but the 

,629 

- - 

exa& ftrength not known, intended to refrefh 
the former when too weak. 





4. Profeffor Braun fays, that by mixtures of fnow and 
fpirit of nitre he funk thermometers filled with oil of faffafras, 
and fome other effential oils, to - ioo° or -124 0 ; and that, by 
the fame means, he funk thermometers filled with the higheft 
rectified fpirit of wine to - 148°. Though there feemed great 
reafon to think, from Mr. Hutchins’s experiments, that there 
muft be fome miftake in this; vet, as it was poffible that the 
effential oils, and even fpirit of wine of a ftrength much different.’ 
from that with which Mr. Hutchins’s thermometers were 
filled, might follow a confiderably different progreffion in their 

contraction. 
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contra&ion by great degrees of cold, I lent a thermometer 
filled with oil of falfafras, and two others with fpirits of wine. 
One of thefe laft was filled with the higheft re&ified fpirits I 
could procure, its fpecific gravity at 6o° of heat being ,8185 ; 
the other was intended to be filled with common fpirits, though 
from circumftances 1 am inclined to fufpedt that alfo to have 
been filled with the beft fpirits. Befides thefe, there was fent a 
mercurial thermometer, accurately adjufted, according to the 
directions of the Committee of the Royal Society, printed in 
the LXVLIth volume of the Tranfa&ions; and alfo the two 
fpirit thermometers ufed by Mr. Hutciiins, which were filled 
with fpirits whofe fpecific gravity was ,8247. 

5. Thefe thermometers were compared together by expofing 
them to the cold, with their balls immerfed in a glafs veffel 
filled with diluted oil of vitriol. They were at times alfo com¬ 
pared in cold more violent than the natural cold of the climate, 
by adding fnow to the acid in which they were tried, in which 
cafe care was taken to keep the mixture frequently fitirred. Oil 
of vitriol was recommended for this purpofe, as a fluid which 
would raoft likely bear any degree of cold without freezing, 
and whofe natural cold might be much increafed by the addition 
of fnow. It feems to have anfwered the purpofe very well, 
and not to have been attended with any inconvenience. 

During the fir ft comparifon of thefe thermometers, a wliitifh 
globule, fuch as thofe which appear in frozen oil, was ob- 
ferved in the tube of the thermometer filled with oil of fafia- 
fras. This appearance of congelation did not much increafe; 
but two days after a large air bubble was found in its ball, 
‘ which prevented Mr. M c Nab from making further obferva- 
tfons with it. 


It 
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It is well known, that fpirit of wine expands more by a 
given number of degrees of a mercurial thermometer in warm 
temperatures than in cold ones; and this inequality, as might 
be expe&ed, was lefs in the ftronger fpirit than in the weaker, 
but the difference was inconfiderable. The oil of fafiafras alio 
bad fome of this inequality, but much lefs. It however ap¬ 
pears to be by no means a proper fluid for filling thermometers 
with. No appearance was obferved which indicates any confi- 
derable irregularity in the contraction of fpirits of wine in In- 
tenfe cold, or which renders it probable, that thermometers 
filled therewith could be funk by a mixture of fnow and fpirit 
of nitre to a degree near approaching to that mentioned by 
Profeffor Braun. 

6 . Mr. M c Nab in his experiments fometimes ufed one 
thermometer and fometimes another; but in the following 
pages I have reduced all the obfervations to the fame ftandard; 
namely, in degrees of cold lefs than that of freezing mercury 
I have fet down that degree which would have been fhewn by 
the mercurial thermometer in the fame circumftances; but as 
that could not have been done in greater degrees of cold, as the 
mercurial thermometer then becomes of no ufe, I found how 
much lower the mercurial thermometer flood at its freezing 
point, than each of the fpirit thermometers, and increafed the 
cold {hewn by the latter by that difference. 

On the common and dephlogifticated Acids of Nitre. 

The following experiments {hew, that both theft acids arc 
capable of a kind of congelation, in which the whole, and not 

merely the watery part, freezes. Their freezing point alfo 
* differs 
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differs greatly according to the Hrength, and varies according 
to a very unexpected law. Like water too they bear being 
cooled very much below their freezing point before the conge¬ 
lation begins, and as foon as that takes place, immediately rile 
up to the freezing point. 

7. On the morning of Feb. 1. the common and dephlo- 
gifticated fpirits of nitre, N* 142 and 141, whofe fpecific gra¬ 
vities were 1,4043 and 1,4033, were found clear and fluid, 
the cold of the air at that time being - 47 0 . They alfo bore 
being Ihook without any alteration; but on taking out their 
ftoppers, both of them in a few minutes began to freeze, the 
congelation beginning by a white appearance at top, which 
gradually fpread to the bottom ; and they became fo thick asf 
not to move on inclining the phial. For want of a thermo¬ 
meter whofe ball reached far enough below its fcale, Mr. 
M c Nab was not able to determine their cold while in tbs. 
bottle ; but in fomewhat more than an hour’s time, the frozen 
acid had fo much fubfided as to admit of his pouring a little 
fluid matter out of each into a glafs with a thermometer hr 
it *whereby the cold of the common fpirit of nitre was 
found to be - 31°|, and that of the dephlogifticated acid - 30°, 
the temperature of the air being-41°. Each of thefe de¬ 
canted liquors, at the time their temperature was tried, was 
full of fmall fficula of ice: they were then put into phials 
well Hopped, and they, as well as the undecanted liquors, fent 
home to be examined. The decanted part of the common 

' * It my be afted, Why it was more peffible to decant any liquor at this tira® 
than at firft, as the acid was all the while e?pofed to a cold much below the 
freezing point ? The reafon in all probability is, not that any part of the ice firfb 
formed diffoked, but that the fmall filaments into whpeh it ft# coj|*&*d toge¬ 
ther, and in fome meafure fubfided to the bottom, 

I 


fpirit 
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fpirit of nitre diffolved ,535 of its weight of marble, and the 
undecanted part ,523 ; for which reafon I (hall call the ftiength 
of the former ,535, and that of the latter ,522; which mode of 
reckoning is obferved in the remainder of this Paper. The 
ftrength of the decanted part of the dephlogifticated acid wan 
,56, and that of the undecanted part ,528 ; fo that it appears 
that in each of thefe acids the unfrozen part was a little 
ftronger than the frozen pait. It is remarkable, that in the 
common fpiiit of nitre, the decanted part, though ftronger 
than the other, was paler coloured and lefs fuming. 

8. On Dec. 21, the temperature of the air being -28°, 
fome dephlogifticated fpirit of nitre (N° 27.) of nearly the 
fame ftrength as the former acid, was poured into a jar, in 
order to be diluted with fnow, as recommended in Art. 2. Im¬ 
mediately after it was decanted, it began to freeze, in the fame 
manner as before deferibed* except that a lefs portion of it 
feems to have congealed: its temperature, tried by dipping a 
thermometer into it, was - 19°, where it remained ftationary 
for many minutes; it was then diluted with fnow, as will be 
mentioned in Art. 14. whereby its ftrength was reduced to 

9. On Dec. 29th, this diluted acid was completely melted, 
. and half of it poured into a jar with a ground ftopper, and 

both portions expofed to the air. In the morning they were 
perfectly fluid; but on taking the ftopper out of the jar, 
and dipping in it a thermometer, the acid immediately froze, 
beginning by forming a white coat round the ball of the ther¬ 
mometer, whjch gradually fpread through the whole fluid? 
and at the fame time the thermometer rofe till it flood 
nary at - 5 0 . The cold of the acid before it began to frtflze 
mu ft have been about — 30 0 !, that being the temperature of a 
Vat. LXXVI. K k g lafs 
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glafs of vitriolic acid {landing near it; but the thermometer 
which was dipped into it was five or fix degrees colder, which 
feems to be the caufe of the congelation beginning round the 
ball. 

In the afternoon a thermometer was dipped into the other 
half of the acid, wheie, as the weather had grown lefs cold, 
it flood above a minute at - 25 0 , without freezing; then, how¬ 
ever, the acid froze, with the fame appearance as in the morn¬ 
ing, and at the fame time the thermometer rofe to - 4% and 
became ftationary. 

This acid, being left in the air with the thermometer in it, 
was found in the evening at - 45 0 ; it however was not intirely 
frozen, being only thick as an unguent, which {hews that the 
unfrozen part muft have been of a different flrength from the 
frozen part; but it does not appear whether Wronger or weaker. 
The next morning it was frozen folid, though the cold was 
only half a degree greater. 

On Jan. 16th, this acid was again tried in the fame manner; 
it‘then fuffered a thermometer, whofe ball had been previoufly 
warmed in the hand, to be dipped into it, and remain there 
feveral minutes without freezing, though its temperature was 
- 35 0 . But on lifting up the thermometer, a drop fell from its 
ball into the acid, which immediately fet it a freezing, and 
it rofe up to —4°§. * 

10. On Dec. Z2d, the fpirit of nitre (N° 168.) which a 
few days before had been diluted with fnow, fo as to be re¬ 
duced to the flrength of ,411, was divided into two equal parts, 
and expofed to the cold. On Dec. 29th, when the temperature 
of the air was - 17°!, one of thefe parts was found beginning 
to freeze; the other was fluid, but began to freeze 0$, dipping 
ma thermometer; the thermometer in both kept ftationary at 
V* • - i°i. 
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-r;. The Utter was twice re melted and expofed to the 
cold, and borh times the tcmpeiature of the frozen acid came 
out the lame as before. 

ir. The white colour of the ice in ihefe experiments feem» 
owing only to its confiding of veiy {lender flaments; for in 
fome cafes, where it froze flower, and where, in confequence, 
it Ihot into larger fohd mafies, they were tran(parent, and of 
the fame colour as the acid itielf. By the continuance of a 
fufficient cold, the acid, which by h ifty freezing put on the 
white appearance, would become hard folid ice, but yet dill 
retained its white appearance, owing perhaps to the filaments 
fir ft Ihot confiding of an acid differing in ftrength from that 
which froze afterwards, and filled up the interftices. 

In all thefe experiments, whether the ice was formed into 
minute filaments or folid mafies, ft ill, whenever there was a 
fufficient quantity of fluid matter to admit of it, they con- 
ftantly fubfided to the bottom; a proof that the frozen part 
was heavier than the unfrozen. The difference indeed is fo 
great, that in one cafe where it froze into folid cryftals on the 
furface, thefe cryftals, when detached by agitation, fell with 
force enough to make a tinkling noife againft the bottom of 
the glafs. 

Thefe acids contra# very much on freezing. Whenever the 
acid is frozen folid, the furface, inftead of being elevated 
in ridges, like frozen water, is deprefled and full of cracks. 
In one experiment Mr. M c Nab, after a glafs almoft full of 
acid was nearly frozen, filled it to the brim with frefh acid; 
and then, after it was completely frozen, the furnace was via¬ 
bly deprefled, with fifiures one-eighth of an infch bread,,ex¬ 
tending from top to bottom. It is this contraction acid 

in freezing which makes the frozen parfc'fftbfifle 

Kit a - part; 
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part; as it was found, in the undiluted acid, that the latter con- 

lifted of a ftronger, and confequendy heavier, acid than the 

former. But ftill the fubiidence of the frozen part {hews, that 

the ice is not mere water, or even a very dilute acid; which 

indeed was proved by the examination of the liquors lent 

home. 

The ninth and tenth articles {hew, that though the acids 
bear being cooled greatly below the freezing point, without 
any congelation taking place, yet as foon as they begin to 
freeze they immediately rife up to their freezing point; and 
this point is always very nearly, if not exactly, the fame in the 
fame acid; for thofe acids were frozen and melted again three 
or four times, and were cooled confiderably more below the 
freezing point in one trial than another, and yet as foon as 
they began to freeze the thermometer immerfed in them con- 
ftantly rofe nearly to the fame point. 

The quantity which thefe acids will bear being cooled below 
the freezing point, without freezing, is remarkable. The 
diluted fpirit of nitre, whofe freezing point is — i°f, once bore 
being cooled to near - 39 0 , without freezing, that is, near 37 
degrees below its freezing point. The diluted dephlogifticated 
fpirit of nitre, whofe freezing point is - 5 0 , bore cooling to - 35 0 ; 
and the dephlogifticated fpirit of nitre (141) whofe true freezing 
point is moft likely — 19 0 (fee next article) bore being cooled to 
— 49 0 : perhaps too they might have born to be Cooled confi- 
•derably lower without freezing, but how much does not appear. 
It tnuft bfc obferved, however, that the fame diluted fpirit 
which at onetime bore being cooled to - 39°, at another froze, 
without any apparent caufe, when its cold was certainly left 
than —30% and moft likely not much below -18°» 

4 


12. 
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12. The freezing point differs remarkably, according to the 
ftrength of the acid. In the diluted dephlogifticated and com- 
mon fpirit of Art. 7. and 8. the freezing point was - 5 0 and 
- i°f. In the dephlogifticated and common fpirit of 
Art. 5. the decanted parts of which were ftronger than the 
foregoing in fcarcely fo great a proportion as that of four to 
three, it feemed to be - 30° and — 31°|. It may indeed be fuf- 
pefted, that as this point was determined only by pouring a 
fmall quantity of the acid into a glafs, at a time when the air 
and glafs were much colder than the acid, thefe decanted 
liquors might be cooled by the air and glafs, and thereby make 
the freezing point appear lower than it really was: but I do 
not think this could be the cafe; for as the decanted liquors 
were full of fmall filaments of ice, they could hardly be cooled 
fenfibly below their freezing points without freezing; and any 
cold, communicated to them by the air or glafs, would ferve 
only to convert more of them into ice, without fenfibly in- 
creafing their cold : fo that I think this experiment determines 
the true freezing point of their decanted part; but it muft be 
obferved, that as the decanted part was rather ftronger than 
the reft, it is very poftible that the freezing point of the unde** 
canted part might be confiderably lefscold. 

A circumftance which might incline one to think, that the 
way by which the freezing point was determined in this expe¬ 
riment is defective is, that the freezing point of the dephlo¬ 
gifticated acid N° 27. though nearly of the fame ftrength as 
tbit laft mentioned, but rather ftronger, was much lefs low, 
being only - 19 0 . But I have little doubt that the true lea&j* 
of this is, that ip the former acid the ftrength of thp decinbd 
part, which is the part whqfe freezing point was tjried, wipbfid 
to be it leaft greater than that of the whole mais; whereri 
* ’ in 
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in N s a7. the fluid part was in all probability not fcnfibly 
Wronger than thy wholo rrnft; for as N° 27. was cooled only 
feven degrees below the freezing poiut, and its temperature 
was tried foon after its beginning to freeze, not much of the 
acid could have frozen; whereas the other was cooled 1 5 degrees 
below its freezing point, and was expofed for an hour or two 
to an air not much lefs cold, in confequence of which a coil- 
liderable part of the acid mud have frozen ; fo that in all pro¬ 
bability the acid, whofe freezing point was found to be -30°, 
was in reality x \ part Wronger than that whofe freezing point 
was — 

If this reafoning be juft, the freezing point of tiiefe acids is 
as follows: 




Fieezing 

point. 

~' . , f 

>56 

| ~ 3 °° 

Dephlogifticafed fpirit of nitre, whofe flrength = ^ 

>53 

-19 

>437 

“ 41 

Common fpirit of nitre, whofe ftrength = j 

>54 

1,4.11 

-3»i 
- U 


On the 'Phenomena objerved on mixing Snow with thefe Acids, 

1 3. On Dec. 13, fnow was added to the Ipirit of nitre N° 
168, as recommended in. Art. 2. The fnow was put in very 
gradually, and time was taken to find what efledt each addition 
had on the thermometer and mixture, before more was added. 
The temperature of the acid before the mixture was - 27°, andi 
each addition of fnow raifed the thermometer a little, till it 
role to - i°l ; after which the next addition made it fink pt» r* t°, 
which fiiewed that fufficient fnow had then been added* The 

quantity 
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quantity of fnow ufed was pretty exadlly of the weight of 
the acid, the weight of the acid being 13 oz. fo that the 
ftrength of the diluted acid was reduced to ,41>. 

The acid before the addition of fnow had no figns of freez¬ 
ing, its temperature being in all probability much above its 
freezing point; yet the fnow did not appear to diffolve, but 
formed thin white cakes, which however did not float on the 
furface, but fell to the bottom, and when broke by the fpa- 
tula formed a gritty fediment; fo that it appears, that thefe 
cakes are not Amply undiifolved fnow, but that the adjoining 
acid abforbed fo much of the fnow in contact with it, as to 
become diluted fufflciently to freeze with that degree of cold, 
and then congealed into thefe cakes. The quantity of con¬ 
gealed matter feems to have kept increafing till the end of the 
experiment. 

14. On Dec. 21, an experiment was made in the lame 
manner with the dephlogifticated fpirit of nitre N° 27. The 
acid began to freeze in pouring it into the jar in which the 
mixture was to be made, and flood ftationary there at - 19 0 , as 
related in Art. 6.; fo that the liquor at the beginning of the 
experiment was white and thick, which made the effe£t of the 
addition of the fnow lefs fenflble. However, the congealed 
matter conftantly fubiided to the bottom, and the quantity 
feems to have continued increafing to the end of the experi¬ 
ment. The heat of the mixture rofe to - 4 0 before cold began 
to be produced, and the quantity of fnow added yeas of 
that of the acid, fo that the ftrength of the acid was reduced 
to ,437 by the dilution. * 

A very remarkable circupiftance in this experiment is^Stast 
die acid, while the fnow was adding, firfl 
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lowifb, and afterwards of a greeniffi or bluifh hue. This 
colour did not go off by {landing, but continued at leafl ten 
days, during which time the acid conflantly kept that colour, 
except when by hafty freezing it {hot into fmall filaments, in 
which cafe it put on the white appearance which thefe acids 
always affumed under thofe circumflances; but once that by 
gradual freezing it fhot into tranfparent ice, this ice was of a 
bluifh colour. 

It is difficult to conceive what this colour fhould proceed 
from. Spirit of nitre is well known to affume this colour 
when much phlogiflicated and properly diluted; but one does 
not fee why it fhould become phlogiflicated by the addition of 
the fnow, and {till lefs why the dephlogiflicated acid fhould 
become more phlogiflicated thereby than the common acid did; 
for though it is not extraordinary, that a procefs not capable 
of producing any increafe of phlogiflication in the common 
acid, fhould make this as much phlogiflicated as that, yet it is 
very extraordinary that it fhould make it more fo. No notice 
is taken of any effervefcence or difeharge of air while it was 
affuming this colour, nor was it obferved that it became more 
fmoking thereby, or that the top of the phial in which it was 
kept became full of red fumes, as might naturally be expe&ed 
if it was rendered much phlogiflicated. Thefe are circum- 
flances which, confidering Mr. M c Nab’s great attention to fet 
down all the phaenomena that occurred, I fhould think would 
hardly have been omitted if they had really happened. 

15. It is remarkable, that in both thefe experiments the 
addition of fnow produced heat, until it arrived pretty exactly 
at what was found to be the freezing point of the diluted acid; 
but that as foon as it arrived at that point, the addition of 
more fnow began to produce cold. This can hardly be owing 

merely 
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merely to accident, and to both acids having happened to be of 
that precife degree of heat before the experiment began, that 
their heat after dilution fbould coincide with the freezing point 
anfwering to their new ftrength. The true caufe feems to be 
as follows. It will be fhewn in Art. 16. and ly. that the 
freezing point of thefe acids, when diluted as in the foregoing 
experiments, is much lefs cold than when they are confiderably 
more diluted; and it was before fhewn to be much lefs cold 
than when not diluted ; fo that there muft be a certain degree 
of ftrength, not very different from that to which thefe acids 
were reduced by dilution, at which they freeze with a lefs 
degree of cold than when they are either ftronger or weaker. 
Now in thefe experiments, the temperature of the liquors be¬ 
fore dilution was below this point of eafieft freezing, and a great 
deal of, the acid was in a ftate of congelation all the time of 
dilution; the confequence of which is, that when they were 
diluted to the ftrength of eafieft freezing, they would alfo be 
at the heat of eafieft freezing; for they could not be below 
that point, becaufe, if they were, fo much of the acid would 
immediately freeze as would raile them up to it; and they 
could not be above it, for, if they were, fo much of the con¬ 
gealed acid, would diffolve as would fink them down to it. 
'After they were arrived at this ftrength of eafieft freezing, the 
addition of more.fnow would produce cold, unlefs this ftrength 
he greater than that at which the addition of a fmall quantity 
<)f fnow begins to produce cold; but even were this the cafe, 
heat would not be produced, but the temperature of the acids 
would remain ftationary until they were fo much diluted that 
tlqie addition of’ more fnow ftiould' produce cold. So that, in 
.either cafe, the heaf of tfteVids, at the time that the addition 
of frefh fnow began to produce cold, muft be tha! ftf eafieft 
Voh- LXXVI. L I feezing ; 
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freezing; and confequently, as this heat was found to coincide 
very nearly with the freezing point of thefe acids, after dilu¬ 
tion, it follows that their ftrengths at that time could differ 
very little from the ftrength of eafieft freezing. 

If the temperature of the liquors at the beginning of the experi¬ 
ment had been above the point of eafieft freezing, none of the acid 
would have congealed during the dilution, and nothing could 
have been learnt from the experiment relating to the point of ea¬ 
fieft freezing; but the heat would have kept increafing, till thd 
acid was diluted to that degree of ftrength at which the cold pro¬ 
duced by the diffolving of the fnow was juft equal to the heat 
produced by the union of the melted fnow with the acid * ; 
after which the addition of more fnow would begin to produce 
cold. When I recommended this method of finding the beft 
ftrength of fpirit of nitre for producing cold, by the addition 
of fnow, I was not aware of any impediment fi'om the freez¬ 
ing of the acid, in which cafe it would have been i. very pro¬ 
per method; but on account of this cifhirttftkifce it caff hardly 
be confidered as fuch, except wheti the Wfd etf the acid it fei- 
t’mg out is lefs than that of eafte& freezing. 

In the dephlogifticated fpirit of nitre the freezing points 
anfwering to the ftrength of ,434; ,53, and ,56, \Vere faid to 
be -4°|, - 19 0 , and - 30°; and the differences of - 30° and 
-19° from -4 0 1 are to each Other very hearty in the 
duplicate ratio of ,126 and ,096, *th’e differences of the cOr* 
refponding ftrengths from ,434; Which, as ,iritis the ftrength 
of eafieft freezing, is the proportion that might naturally ht 

* in the experiment related in my obfervatwns on Mr. Hvtcjjiifs’a Expejri- 
meats, this ftrength was rather greater than that of eafieft freezing» but whether 
St is fo in degiees of cold exceeding that uf'whwfi my expel Wat; i£as 00^5 

appear. M ’ <’ ' ' 

\ .1 expected. 
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^xpefted, and confequently ferves in Tome meafure to confirm 
the realoniug in this and the 12th Article. 

16 , Af$er Mr. M c Nab had dilated thefc acids as above- 
mentioned, he divided each of them into two parts, and tried 
what degree of cold could be produced by mixing them with 
fnow. On January 15th, one of thefe parts of the common 
fpirit of nitre .was tried. It was fluid when the experiment 
began, though its temperature, as well as that of the fnow, 
was - 2 i°i ; but on, adding fnow it immediately began to 
freeze, and grew thick, ?nd its heat increafed to — 2°|; but by 
the addition of more fnow it quickly funk again, and at lad 
got to During-the addition of the fnow, the mixture 

grew thinner, and by the time it arrived at nearly the greateft 
•degree of cold, confided,vifibly of three parts: the lowed: 
part, which confided of frozen acid, was white and felt 
gphty j ,the upper part, which occupied about an equal {pace, 
t was alfo white, b'utielt foft, and mud We confided of un- 
melted fnow; the .other 1 ,part, which occupied by much the 
fpialleft fpace, was clear and fluid. The quantity of fnow 
added was about .p r of the weight of the acid, and confe- 
^u^ntly its drength was reduced to ,243. 

Though {how was added to the acid in this experiment as 
long aSj find even longer than, it produced any increafe of 
cold, yet lome days after, on adding more fnow to the mix¬ 
ture, while it was fluid, and of the t temperature of 
the cold was increafed to - 44°*, or r degree lower than before. 
Mr. M e Nab did not perceive the fnow to melt, though in all 
probability fome mud have done fo, or no cold would* ha^ve 
been produced. , 

The caufe of this feem? to be, that in the preceding expe- 
, riment fh^.cpqge^led^ar^ qf jhe ; acid, was^ dron^er than the 

, , ' L 1 2 * ? 
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fluid part; fo that, though the fluid part was not ftrong enough 
to diflolve fnow in a co\d greater than - 43°!, yet the whole 
acid together was ftrong enough to do it in a cold one degiee 
greater. 

A cireumftance occurred in the laft experiment which I can¬ 
not at all fee the reafon of; namely, a fmall part of the acid 
being poured into a faucer, before the'addition of the fnow, it 
was in an hour’s time changed into folid ice, though the cold 
of the air, at the time the acid was poured out, was only - 41 , 

and does not feem to have increafed during the experiment. 

17. On December 30, the other half of the fame acid had 

been tried in the fame manlier; at the beginning of the'experi¬ 
ment not; more than one-ninth part of the acid was fluid, the 
reft folid clear ice; its temperature was - 34*!, and that of 
the fnow nearly the fame; the greateft degree of cdld produced 
was —42^! ; and the quantity of fnow employed wa i about 
one-eighteenth of the weight of the ‘add; fo that the ftrength 
of the mixture was ,38. The freezing point of the acid thus 
diluted appears to be about - 4 ; for by the increafe of 

warmth during the "day-time, moft of the congealed matter 
diflolved; but in the evening it began to freeze again, lb as to 

• become thicker, its temperature being then- 45°$; and the 
next morning it was frozen folid, its cold being one degree 
greater. 

18. On December 12, the diluted Ipirit of nitre N° 139. 
whole ftrength was ,175, was found frozen, its temperature 
being - 17. The fluid part, which was full of thm flakes of 
dear ice, and was of the confiftence of fyrup, was decanted 
into another bottle, and fent back. Its ftrength was ,21, and 
was greater than that of the undecanted part in the proportion 
of ,21 to ,id; fo that, as not touch of the undecanted part was 

' 2 sealiy 
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really congealed, the frozen part of the acid rauft have be^u 
much weaker than the reft, if not mere water. Accordingly, 
during the melting of the undecanted part, the frozen particles 
fwam at top. Mr. M c Nab added fnow to a little of the de¬ 
canted liquor, but it did not difi'olve, and no, increafe of cold 
was produced. 

19. From thefe experiments it appears, thatfpirit of nitre is 
fubjedt to two kinds of congelation, which we may call the 
aqueous and fpirituous; as in the firft it is chiefly, if not in- 
tirely, the watery part which freezes, and .in the latter the 
fpirit itfelf. Accordingly, when the fpirit is cooled, to the point 
of aqueous congelation, it has no tendency to diflolve fnow and 
produce cold thereby, but on the contrary is difpofed 'to'part 
with its own water; whereas its tendency to diflolve fnow and 
produce cold, is by no means deftroyed by being cooled to the 
•point of fpirituous congelation, or even by being a&ually con¬ 
gealed. When the acid is exceflively dilute, the point of 
aqueous congelation muft neceflarily be very little below that 
of freezing water; when the ftrength is ,21, it is at - 17 0 , 
and at the ftrength of ,243, it feems, from Art. 16. to be at 
Spirit of nitre, of the foregoing degrees of ftrength, 
is liable only to the aqueous congelation, and it is only in 
greater ftrengths that the fpirftuous congelation can take place. 
•This feems to be performed with the leaft degree of cold, when 
the ftrength is ,411, in which cafe the freezing puinj^is at 
- i°§. . When the acid is either ftronger or weaker, jt requires 
a greater degree j of cold; and in both cafes, the frpzep pa^t 
feems to approach'nearer to the ftrength of ,411 than th<s 
frozen part; it certainly does fo, when the ftrqngth 
than ,411, and there is little doubt but what it does fo m the 
other cafe. At thd ftrength of the point oft fpirituous 

congelation, 
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Congelation is 31°!, arid at ,33 probably -45°! ; at leaft one 
kirid of congelation takes place at that point, and there is little 
doubt but that it is of’ the fpirituous kind. I11 order to prefent 
this matter more at one view, I have added the following 
table of the freezing point of common fpirit of-nitre anfwering 
to different ftrengths. 


Strength, 

Freezing 

point. 

>54 

- 3 ° l i I 

,411 

- if* . 

> 3 8 

- 45 * - 

y *4 3 

- 44 * \ 


l-i 7 i 


fpirituous congelation. 


aqueous congelation. 


* J 20. In trying the firft half of the dephlogifticated fpirit of 
nitr'e, the cold produced was — 44°!. The acid was fluid be- 
f6re the addition of the fnow, and of the temperature of - 30°, 
but froze on putting in the thermometer, and rofe to - 5% as 
related in Art. 7. 

?In-trying the fecond part, the.acid was about o° before,the 
’addition of the fnow, and therefore had no difpofltion to freeze. 
The chid produced Was — 42T- 

As the quantity of fnow added in thefe experiments was not 
obferved, they do not determine any points of aqueous or fpi¬ 
rituous congelation in this acid; but there is reafon to think, 
that thefe points are nearly the fame as thofe of common fpirit 
of nitre of the fame ftrength, as the cold produced in thefe 
experiments Was nearly the fame as that obtained by the com¬ 
mon fpirit of nitre. 


* The point of eafiefi freezing. 


* t* 


On 
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On the Vitriolic Acid. 

zi. On December 12, the ftrong oil of vitriol N° 151. was 
found frozen, and was nearly of the colour and confiftence of 
hogs-lard. Its temperature, found by prefling the ball of a 
thermometer into it, was - 15 0 , and that of the air nearly the 
fame; but in the night it had been expofed to a cold of - 33°. 
It diffolved but {lowly on being brought into a warm room, 
and was not completely melted before it had rifen to -f- 20°, 
and even then was not very fluid, but of a fyrupy confiftence. 
During the progrefs of the melting, the congealed part funk to 
the bottom, as in fpirit of nitre: and many air bubbles fepa- 
rated from the acid, which, when it was completely melted, 
formed a little froth on the furface. As foon as it was fuffi- 
ciently melted to admit of it, which was not till it had rifen 
to the temperature of + io°, the fluid part was decanted, an$ 
both were fent home to be examined. 

It is remarkable, that the frozen part did not intirejy diflolv? 
until the temperature was fo much increafed. This would in¬ 
cline one to think, that the frozen part muft have differed in 
feme refped from the reft, fo as to require much lels cold to 
make it freeze; but yet I cquld not find that the ftrength of 
the decanted part differed fenfibly from the reft. 

It appeared by another bottle of oil of vitriol, which alfo 
froze by the natural cold of the air, that this acid, as well as 
the nitrous, ’contracts in freezing. 

22. On December 21, when tfce weather was at *-30% tl?P 
.vitriolic acid N° 193., was diluted, with fnovy, a* ffjrefted m 
Art. 3. 'The &ow dHjfclvqd ^ immediately ? and no fig&s of 
congelation appeared f ctyrb}g ajoy part of the grocefe. The 

temperature 
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temperature of the acid rofe only one degree before it began to 
fink, and the weight of the fuow added.was only ,7, of that 
of the acid, fo that its ftrength was reduced thereby to ,605 ; 
which is therefoie the beft degree of ftrength for producing 
cold by the addition of fnow, when the degree of cold fet out 
with is -30°. This ftrength is one-filteenth part lefs than 
what I found myfelf, by a limilar experiment, when the tem¬ 
perature of the acid was +27®; which fhews, that the beft 
degree of ftrength is rather lefs, when the degree of cold fet 
out with is great than when fmall, but that it does not differ 
much. 

23. The acid thus diluted was divided into two parts, and 
the next day Mr. W Nab tried what degree of cold could be 
produced by adding fnow to one of them. The temperature 
of the air at the time was - 39 0 , and the mixture funk by the 
procefs to -55T. The fnow difl'olved readily, and the mix¬ 
ture did not lofe much of its fluidity until it had acquired 
nearly its greateft degree of cold, nor did any congealed mat¬ 
ter fink to the bottom in any part of the procefs. The quail* 
thy 6'f fnow added was about -,V\- of f h e weight of the acid' 
fo that the ftrength of the mixture was abOut ,325. 

’ 24. On January 1, thin cryftals of ice were found diffufed 
all through this mixture, the temperature of the air being 
- 51°!, but that of the liquor was not tried. As this conge¬ 
lation muft haVe been of the aqueous kind, and feems to have 
taken place at the temperature of - 51°}, it ftiould follow, that 
this acid had no power of diflolving fnow in a cold of 51°£'; fo 
that it does not at firft appear why a cold four degrees greater 
than that Ihould have been produced in the foregoing 
ment. The reafon is, that at the time the mixture- arriVA 
at - 55°|, it appeared by the diminution of its'fluidlty to have 

contained 
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-contained fome undiffolved fnow, and fome more was added to 
it after that time, which before the fir ft of January diffolved 
and mixed with the acid; fa thatrthe acid in the mixture, at the 
time it funk to - 55°i» was not quite fo much diluted as that 
which froze on January i. This is the reverfe of what hap¬ 
pened in the trial of the nitrous acid in Art. 15. as in that 
experiment the fluid part, at the time of the greateft cold, was 
weaker than the whole mixture together j but it muft be con¬ 
sidered, that that mixture contained much congealed acid, as 
well as undiflblved fnow, whereas this contained only the latter* 
25. On January 1, fnow was added to the other half of the 
acid diluted on December 21. The cold produced was much 
greater than before, namely - 68°|; this feems to have pro¬ 
ceeded, partly from the air and materials having been 12 degrees 
colder in this than in the former experiment, and partly from 
the fnow having been added fafter, fo that the mixture arrived 
at its greateft degree of cold in 20', whereas it before took up 
46'. Another reafon is, that the former mixture was made in 
too fmall ajar, in confequence of which it was poured into a 
larger before the experiment was completed, whereby fome 
cold was loft. The quantity of ,fuow ufed in this experiment 
was lefs than in the former, fo that the ftrength of the acid 
after the experiment was about ,34-3* The mixture aifo grew 
much thicker, and had a degree of elafticity refembling jelly; 
but whether this was owing only to more fnow remaining 
undiffolved, or to any other eaufe, 1 cannot tell. 

26. Great as the foregoing degree of cold is, Mr. M c Nab, 
on February 2, produced one. much greater. In hopes of iob- 
, taining a greater degree of oold by previously cooling the ma¬ 
terials, he cooled about feven ounces of oil of vitriol* whofe 
ftrength was ,629, that is* - rather ftronger than the foregoing, 
Vol. LXXYI* M ra by 
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by pladng the jar in which it was contained in a freezing mix¬ 
ture 0 f oil of vitriol and fnow; the Inow intended to be nled 
was alfo cooled by placing it under the veil'd in which tlte 
freezing mixture was made. As foon as the acid in the jar 
was cooled to the temperature of — 57°i» a littl* 5 ke ^ now 
was added, on which it immediately began *to freeze, and rofe 
to - 36°; but in about 40 minutes, as the jar was ftill kept in the 
freezing mixture, it funk to *- 48°; by which time it was 
grown very thick and gritty, ’efpecially at bottom. More of 
.the coolfed fnow was then added, which in a fhoit time made 
it fink to — yS’f, and at the fame time the thicknefe and tena¬ 
city of the mixture diminilhed; & that by the time it arrived 
at the greateft degree of cold, very little thicknefs remained. 

It is worth inquiring, what was the reafon of the greater 
- degree of cold produced in this than in the preceding experi¬ 
ment ? It could not be owing to the materials being colder ; 
for at the time of the fecond addition of fnow, at which time the 
experiment may be coafidered to have begun, the acid was not 
colder than at the beginning of the preceding experiment, ftitd 
the fnow in all probability not much colder. It could not be 
owing neither to the jar having been kept in the freezing mix¬ 
ture : for though that mixture was three or four degrees colder 
than the air in the preceding experiment, yet the acid in the jar, 
before it acquired much addition of cold, would be robbed of its 
cold fafter by the mixture than, it would by air of the fame 
temperature as that in the preceding experiment. Neither could 
it proceed from any difference in the ftrength of the acid ; for 
what difference there was muft have done more hurt than good. 
The true reafon is, that the acid was in a flate of congelation: 
for as the congealed acid united to the fnow and became fluid by 
. “the union, it is plain, that cold mull hate been produced both 

by 
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by the melting of the fnow and by that of the acid ; whereas, ff 
the acid had been in a fluid ftate, cold would - have been pro¬ 
duced only by the firft caufe, and confequently a greater de¬ 
gree of cold fliould be produced in this experiment than in the 
former. The only inconvenience attending the acid being 
in a flute of congelation is, that in all probability it does not 
unite to the fnow fo readily as when in a fluid ftate; but the 
difference feems not material, as the cold was produced, and 
the materials melted, in 5 minutes. 

27. The day before, Mr. M c Nab, by adding fnow to feme 
of the fame acid in the ufual manner, when the cold of the 
materials was -46°, produced a cold of only - 66 \ 

28. In thefe four laft experiments the acid was reduced, hy 
the addition of the fnow, to the ftrengths of ,325, ,343, ,403, 
and ,334 j and the cold produced in them was before faid to 
be - 55°|, - 68°§, - 78°!, and - 66*; whence we may con¬ 
clude, that thefe are nearly the points of aqueous congelation 
anfweriftg to the foregoing ftrengths; only it appears, from 
what was faid in Art. 24. that the ftrengths here fet down are 
all of them rather too fmall. 

Though it is certain that oil of vitriol is capable of the fpi- 
rituous congelation, and though it appears, both from the fore¬ 
going experiments and from fome made by the Due d’AyEn * 
and by M. de Mgrveac +, that it freezes with a lets degree of 
cold when ftrong than when much diluted, it is not certain 
whether it has any point of eafiaft freezing, like fpirit of nitre, 
or whether the cold required to freeze it does not continually 
a s the fbength increafes, without limitation; but the 
latter opinion is the moft probable. For the Puc d’Ayen*s and 

* Di&ion. de Chym. par Maccruer, 2* edit. 

f Nouv, Mem. de I’Academ. de Dijon, 1782, i“fen^eftre, p. 68. 
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M. de Morveau’s acids, which, as they were concentrated ort 
purpofe, were moft likely Granger than Mr. M° Nab’s, froze 
with a cold lefs than zero of Fahrenheit ; whereas the 
freezing point of Mr. M c Nab’s undiluted acid, whofe ftrength 
was ,98, was - 1 5°,and that of the diluted acid, whofe ftrength 
was ,629, was - 36° 5 and when the acid was more diluted, it 
was found to bear a much greater cold without freezing. It 
appears alto, both from Art. 21. and from M. deMorveau s> 
experiment, that during the congelation of the oil of vitriol, 
tome reparation of its parts takes place, fo that the congealed 
part differs in fome refped from the reft, in conlequence of 
which it freezes with a lefs degree of cold; and as there is 
reafon to think from Art. 21. thatthefe two parts do not differ 
much in ftrength, it feems as if the difference between them 
depended on fome lefs obvious quality, and probably on that, 
whatever it is, which forms the difference between glacial- 
and common oil of vitriol. The oil of vitriol prepared from 
green vitriol, has fometimes been obtained in fuch a ftate as to 
remain conftantly congealed, except when expofed to a heat 
confiderably greater than that of the atmofphere, whence it 
acquired its name of glacial *. It is not known indeed upon 
what this property depends, but it is certainly fomething elfe 
than its ftrength; for oil of vitriol of this kind is always 
fmoking, and the fumes it emits are particularly oppreftive 
and fuffocatingj though very different from thofe of the vola¬ 
tile fulphurectus. acid* On rectification likewife it yields, with 
’ tfhe g&itleft heat, a peculiar concrete fujbftance, in the forai of 
fiiliiie cryftals';. and after this volatile part has been driven off, 

t 

" ilcm.',de l'Acadt-m. des Sc. 1738, p. 288. 
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the remainder is no longer fmoking, and has loll its glacial 
quality *. 

On the Mixture of Oil of Vitriol and Spirit of Nitre, 

29. This mixture is not fo fit for producing cold by the ad¬ 
dition of fnow, as oil of vitriol alone; for the cold obtained 
did not exceed — 54°!, in either of the experiments tried with 
it. The point of fpirituous congelation of this mixture, when 
diluted with fomewhat more than one-tenth of its weight of 
water, is about - 20°, and is much lower when the acid is con- 
fiderably more diluted: but as the Society will moll likely have 
lefs curiofity about the difpofition to freeze of this mixture 
than of the Ample acids, I lhall fpare the particulars. 


On the Spirit of Wine* 

50. The rectified fpirits N° 8. were diluted with fnow, in 
the fame manner as the other liquors ; but were found not to 
want any, as the firft and only addition of fnow produced 
cold. The quantity added was about of the weight of the 

* m 

jpirit. 

31. The fpirit thus diluted was divided, like the other 
liquors, into two parts, and each tried feparately, The 
firft was at — 45 0 , before the addition of the fnow, and was 
funk by the procefs to - 56°. The fnow, even at the firft ad¬ 
dition, did not difiolve well, fo that the fpirit immediately 

* Creli/s Neu. Eatdeck. in der Chemie, Th, I J, p. IQO. Th. tz* p. 34 s * 
Sw, and Annalen, 1785, St, 5. p. 438, &c. 
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became full of white fpots *, and grew thick by the time it 
arrived at its greateft degree of cold. After {landing fome 
hours, the mixture rofe to the temperature of - 39°, and was 
grown clear, hut yet was not limpid, hot of the confiftence of 
fyrup. No cold was produced by adding fnow to it in that 
{fete, though it appeared that its point of aqueous congelation 
was at leaft 6 degrees fewer than ita temperature at that time +; 
which feems to {hew that fpirit of wine has fcarce any poweK 
of difliblving fnow when it wants even 6 degrees of its point of 
aqueous congestion, and therefore is another inftanc© that 
fnow is diffobed much lefs readily by fpirit of wine than by 
the nitrous and vitriolic acids. 

gz. In trying the other part of the diluted fpirits, the cold 
produced was only -47®!, the coldfet out with being -37°. 

33. It appeared by the diluted fpirit of wineN 0 143. which 
on December 12 froze by the natural cold of the atmofphere, 
and was treated in the fame manner as the diluted fpirit of 
nitre* that when highly rectified fpirit of wine, fuch as N° 8. 
is diluted with 1-^ its weight of water, its point of aqueous 
congelation will be at - ?i°. The congealed part of the fpirit 
was wij?te like diluted milk, and even the decanted part, which 
was full of thin films of ice, had a milky hue. The fluid 
part was ftronger than the reft, and no increafe of cold was 
produced by adding fnow to forae of it, both of which are 
merits of aqueous congelation. 

* This was not the cafe during the above-mentioned dilution of the feints j 
i»nt the odd W*s degrees iefs in that experiment than in this. 

f On account of the dilution which the fpirits fuffered by the melting of the 
fhew which remained undHfolved at the time of the graatefl cold, its point of 
aqueous congelation was no longer fo low at 5^°’ kut it Aill was not lefs than 
-45I, as in the evening it was found at that temperature, without m»ch con¬ 
gealed matter in it, 

7 Though 
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. Though the foregoing experiments confirm the truth of 
what I f*id, ill the account of Mr. Hutchins’s experiments, 
concerning the cauffe of the cold produced by mixing fncw 
with different liquors, and intirely clear up the difficulty re¬ 
lating to it which I mentioned in Ait. i. yet feveral queftions 
may naturally occur i fu-ch as, why the cold produced by the 
oil of vitriol was fo much greater than that obtained by the 
fpirit of nitre, notwithftanding that in warmer climates the 
•nitrous acid ferns to produce more cold? and why'the cold 
produced by the nitrous acid, notwithftanding its previous dilu¬ 
tion, which might naturally be expeded to be of fervide, was 
not greater than has been obtained by other perfons wkhotit 
that precaution ? But as this would lead me into difquifitions 
of confiderable length, without my being able to fay any 
thing very fatisfadory on the fubjed, I ffiall forbear entering 
into it. I will only obferve, that in moft of the foregoing 
experiments, Mr. M c Nab would probably have produced 
more cold, if he had added the fnow fafter. We ought 
not, however, to regret that he did not, as its effeds on the 
acids would then have been lefs fenfible. 

The natural cold, when thefe experiments were made, is re¬ 
markable ; as there were at leaft nine mornings in which the 
cold was not lefs than that of freezing mercury ; four in which 
it was at leaft eight degrees below that point, or -47°? and 
one in which it was -50°. Whereas out of nine winters, 
during which Mr. Hutchins obferved the thermometer at 
Albany Fort, there were only twelve days in which the cold 
was equal to that of freezing mercury, and the greateft cold 
feems to have been -45 0 . 1 cannot learn whether the laft 
winter was more fevere than ufual at Hudfon’s Bay ; or whe¬ 
ther Henley-Houfe is a colder fituation than Albany, which 

may 
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may perhaps be the cafe; fbrthough it is only 130 miles diflant 
from iti yet it ftands inland, and to the W. or S.W. of it, 
which is the quarter from which the coldsil winds blow, 


Mr. M* Nab’s original account of the experiments which 
furnifhed the materials of this Paper, having been thought too 
long to be printed in detail, is depofittd in the Archives of 
the Society. 
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XIV. New Experiments upon Heat, By Colonel Sir Benjamin 
Thompfon, XnU F. R.'S. In a Letter to Sir Jofeph 
Banks, Bart. P.R. S. 


i 

Read March 9, 1786* 


dear sir* 

I ' HAVE at length begun the eourfe of experiments upon 
heat which I have fo long had in contemplation; and I have 
already made a difcovery, which, if not new to you, is perfectly 
Fo to me, and which I think may lead to a further knowledge 

refpe&ing the nature of heat, . . 
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Examining the conducting power of air, and of various 
other fluid and folid bodies, with regard to heat, I was led to 
examine the conducting power of the ‘Torricellian vacuum. 
From the ftriking analogy between the cleCtnc fluid and heat 
refpeCting their conductors and non-condu&ors (having found 
that bodies, in general, which are conductors of the eledric 
fluid, are likewife good conductors of heat, and, on the con¬ 
trary, that eleCtric bodies, or fuch as are bad conductors of the 
eicCtric fluid, are likewife bad conductors of heat), I was led to 
imagine that the Torricellian vacuum, which is known to 
afford fo ready a paflage to the eleCtric fluid, would alfo have 
afforded a ready paflage to heat. 

The common experiments of heating and cooling bodies 
under the receiver of an air-pump I concluded inadequate to 
determining this queftion; not IWiy on account of the impof- 
flbility of making a perfeCt void of air by means of the pump; 
but alfo on account of the moift vapour, which exhaling from 
the wet leather and the oil ufed in the machine, expands under 
the receiver, and fills it with a watery fluid, which, though 
extremely rare, is yet capable of conducing a great deal of 
heat: I had recourfe therefore to other contrivances. 

I took a thermometer, unfilled, the diameter of whofe 
bulb (which was globular) was juft half an inch, Paris 
meafure, and fixed it in the center of a hollow glafs ball of 
the diameter of if Paris inch, in fuch a manner, that the 
Ihort neck or opening of the ball being foldered faft to the tube 
of the thermometer 7! lines above its bulb, the bulb or the 
thermometer ( remained fixed m the center of the ball, and 
confcquently was cut off from all bommunication with the 
external air. In the bottom of the giafs Ball'VaVfi^Vfh&jl 
hollow tube or point, which projecting outwards was &ldere : d 
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to the end of a common barometer tube about 32 inches in 
length, and by means of this opening the fpace between the 
internal furface of the glafs ball and the bulb of the thermo¬ 
meter was filled with hot mercury, which had been previoufly 
freed of air and moifture by boiling. The ball, and alfo the 
barometrical tube attached to it, being filled with mercury, the 
tube was carefully inverted, and its open end placed in a bowl 
in which there was a quantity of mercury. The inflrument 
now became a barometer, and the mercury defeending from 
the ball (which was now uppermoff) left the fpace fur¬ 
rounding the bulb of the thermometer free of air. The mer¬ 
cury having totally quitted the glafs ball, and having funk in 
the tube to the height of 28 inches (being the height of the 
mercury in the common barometer at that time), with a lamp 
and a blow-pipe I melted the tube together, or fealed it her¬ 
metically, about three-quarters of an inch below the ball, and 
cutting it at this place with a fine file, I feparated the ball 
from the long barometrical tube. The thermometer being 
afterwards filled with mercury in the common way, I now 
pofleffed a thermometer whofe bulb was confined in the center 
of a 5 Torricellian vacuum , and which ferved at the lame time as 
the body to be heated, and as the in.firument for meafiiring tlic 
heat communicated. 


Experiment N° 1. 


With this inftrument (fee fig. 1 .Tab.VI.) I made the following 
experiment. Having plunged it into a veffel filled with water, 
warm to the 18th degree of Reaumur’s fcale, and fuffered it to 
remain there till ithadadquired the temperatureof the water, that is 

O o a t0 
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to fay, till the mercury in the inclofed thermometer flood' at 
18°, I took it out of this veflei and plunged it fuddenly into 
a veffel of boiling water, and holding it in the water (which 
was kept coufiantly boiling) by the end of the tube, in fuch a 
manner that the glafs bail, in the center of which was the 
bulb of the thermometer, was j'uft fubmerged, I obferved the 
number of degrees to which the mercury in the thermometer 
had arifen at different peiiods of time, counted from the mo¬ 
ment of its immerfion. Thus, aftpr it had remained in the 
boiling water 1 min. 30 fee. I found the mercury had rifen. 
from 18° to 27 0 . After 4 minutes had elapfed, it had rifen to 
44°rV» anc * at the end of 5 minutes it had rifen to 48°^%-' 

, * 

Experiment N° 2. 

Taking it now out of the boiling water I fuffered It to cool 
gradually in the air, and after it had acquired the temperature 
of the atmofphere, which was that of 15 0 R. (the weather 
being perfectly fine), 1 broke off a little piece from the 
point of the fmall tube which remained at the bottom of the 
glafs ball, where it had been hermetically fealed, and of courfe 
the atmofpheric air rufhed immediately into the ball. The ball 
furrounding the bulb of the thermometer being now filled with 
air (inHead of be ing emptied of air, as it was in the before- 
mentioned experiment), X re-fealed the end of the fmall tube at 
the bottom of the glafs ball hermetically, and by that means 
cut off all communication between the ait confined in the ball 
and the external air; and with the inftrument fo prepared I 
repeated the experiment before-mentioned; that is to fay, I put 
it into water warmed to 18°, and when it had acquired the tem¬ 
perature 
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perature of the water, I plunged it into boiling water, and 
obferved the times of the afcent of the mercury in the thermo¬ 
meter, They were as follows: 


Heat at the moment of being plunged into 
the boiling water, 

After having remained in the boiling water 


Time 

Heat 

elapfed # 

acquired, 


18 0 R 

M. S. 

C 

O 45 

27 

L O 

34 tV 

2 IO 

44 xo- 

2 40 

48-rV 

4 0 

5 ^ T S- 

5 0 

bO-r-s- 


From the refult of thefe experiments it appears evidently, 
that the Torricellian vacuum, which affords fo ready a paflage 
to the eledtric fluid, fo far from being a good condudtor of heat, 
is a much worfe one than common air, which of itfelf is 
reckoned among the worfl: for in the laft experiment, when 
the bulb of the thermometer was furrounded with air, and the 
inftrument was plunged into boiling water, the mercury rofe 
from 18° to 27 0 in 45 feconds; but in the former experiment, 
when it was furrounded by a Torricellian vacuum, it required 
to remain in the boiling water 1 minute 30 feconds = go feconds, 
to acquire that degree of heat. In the vacuum it required 5 
minutes to rife to 48 '-p -; but in air it rofe to that height in 
z minutes 40 feconds j and the proportion of the times in 
the other obfervations is nearly the fame,, as will appear by the 
following table. 


The* 
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Upon being plunged into 
boiling water 

After remaining in it 


The bulb of the thermometer placed in the 
center of the glafs ball, and 


r-— " ■■■— » ■ -- »—■ 

furroundcd by a 
Torricellian vacuum. 


(Exp. 

N° 1.) 

Time 

Heat 

elapfed. 

acquired. 


18 0 

M. S. 

0 

I 30 

27 

4 0 

44 -/o- 

5 0 

48-Ar 





furrounded by air. 
(Exp. N° a.) 


Time 

Heat 

elapfed. 

acquired. 

18 0 

M. S. 

» 

0 45 

27 

1 0 

3 °-nr 

2 ro 

44rV 

2 40 

48 yV 

4 © 

56 -rV 

5 0 

6o-/ v 


Thefe experiments were made at Manheim, upon tlie firft 
day of JulyJaft, in the prefence of Profeffor Hemmer, of 
the Electoral Academy of Sciences of Manheim, and Charles 
Art aria, Meteorological Inftrument-maker to the Academy, 
by whom X was affifted. 

Finding the conftru&ion of the inftrument made ufe of in 
thefe experiments attended with much trouble and rifque, on 
account of the difficulty of foldering the glafs ball to the tube 
of the thermometer without at the fame time cither doling up, 
or otherwife injuring, the bore of the tube, I had recourfe to 
another contrivance much more commodious, and much caller 
in the execution. 

At the end of a glafs tube or cylinder ten or eleven inches in 
length, and near three-quarters of an inch in diameter inter¬ 
nally, I caufed a hollow globe to be blown i § inch in dia¬ 
meter, 



Experiments upon Heat. 279 

nieter, with an opening in the bottom of it correfponding 
with the bore of the tube, and equal to it in diameter, leaung 
to the opening a neck or fhoit tube, about an inch or three- 
quarters of an inch in length. Having a thermometer pre¬ 
pared, whofe bulb was juft half an inch in diameter, and 
whofe freezing point fell at about 2| inches above its bulb, I 
graduated its tube according to Reaumtjr’s fcale, beginning at 
o°, and marking that point, and alfo every tenth degree above 
it to 8o°, with threads of fine filk bound round it, which 
being moiftened with lac varnifh adhered firmly to the tube. 
This thermometer I introduced into the glafs cylinder and 
globe juft defcribed, by the opening in the bottom of the 
globe, having firft choaked the cylinder at about 2 inches from 
its junction with the globe by heating it, and crowding its fides 
inwards towards its axis, leaving only an opening fufficient to 
admit the tube of the thermometer. The thermometer being 
introduced into the cylinder in fuch a manner that the center 
of its bulb coincided with the center of the globe, I marked a 
place in the cylinder, about three-quarters of an inch above 
the 80th degree or boiling point upon the tube of the inclofed 
thermometer, and taking out the thermometer, I choaked the 
cylinder again in this place. Introducing now the thermometer 
for the laft time, I clofed the opening at the bottom of the 
globe at thnatnp, taking care, before 1 brought it to the fire, 
to tutn the cylinder upfide down, and to let the bulb of the 
thermometer fall into the cylinder till it refted upon the lower 
thoak iti the-cylinder. By this means the bulb of the thermo- 
xfieter was removed more than 3 inches from the flame of the 
ldmp. The opening at the bottom of the globe being now 
blofed, and.the bulb of the' thermometer being fufiered to 

return, into the globe, the end of the cylinder was cut off to 
’ * . within 
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within about half an inch of the upper choak. This being done, 
it is plain, that the tube of the thermometer projected beyond 
the end of the cylinder. Taking hold of the end of the tube, 

I placed the bulb of the thermometer as nearly as poffible in 
the center of the globe, and obferving and marking a point in 
the tube immediately above the upper choak of the cylinder, I 
turned the cylinder upfide down, and fuffering the bulb of the 
thermometer to enter the cylinder, and reft upon the firft or 
lower choak (by which means the end of the tube of the ther¬ 
mometer came further out of the cylinder), the end of the tube 
was cut off at the mark juft mentioned (having firft taken care 
to melt the internal cavity or bore of the tube together at that 
place), and a fmall folid ball of glafs, a little larger than the 
internal diameter or opening of the choak, was fbldered to the 
end of the tube, 'forming a little button or knob, which 
refting upon the upper choak of the cylinder, ferved to fuf- 
pend the thermometer in fuch a manner that the center of its 
bulb coincided with the center of the globe in which it was 
fhut up. The vend of the cylinder above .the upper choak 
being now heated and drawn out to a point, or rather being 
formed into the figure of the fruftum of a hollow cone, the 
end of it was foldered to the end of a barometrical tube, by the 
help of which the cavity of the cylinder and globe containing 
the thermometer was completely voided of air with mercury,; 
when, the end of'the-cylinder being hermetically fealed, the 
barometrical tube was detached from it with a file, and the 
thermometer was left completely ftiut up in a Torricellian va¬ 
cuum, the center of the bulb of the thermometer being con¬ 
fined in the center of the glafs globe, without touching it in 
any part, by means of the two choaks in the cylinder, and 
the button upon the end of the tube, 

2 


Of 
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Of thefe inftruments I provided myfelf with two, as nearly 
as poffible of the lame dimenfions; the one, which I {hail 
call N° 1. being voided of air, in the manner above defcribed ; 
the other, N° 2. being filled with air, and hermetically iealed. 

With thefe two inftruments (fee fig. 2.) I made the follow¬ 
ing experiments upon the nth of July laft, at Manheim, be¬ 
tween the hours of ten and twelve, the weather being very 
fine and clear, the mercury in the barometer Handing at 27 
inches r 1 lines, Reaumur’s thermometer at 15 0 , and the quill 
hygrometer of the Academy of Manheim at 47 0 . 

Experiments N° 3, 4, 5 and 6. 

Putting both the inftruments into melting ice, I let them 
remain there till the mercury in the inclofed thermometers 
refted at the point 0% that is to fay, till they had acquired' 
exa&ly the temperature of freezing water or melting ice; and 
then taking them out of the ice I plunged them fuddenly into 
a large veffel of boiling water, and obferved the time required 
for the mercury to rife in the thermometers from ten degrees 
to ten degrees, from o° to 8o°, taking care to keep the water 
conftantly boiling during the whole of this time, and taking 
care alfo to keep the inftruments immerfed to the fame depth, 
that is to fay, juft fo deep that the point o° of the inclofed 
thermometer was even with the furface of the water. 

Thefe experiments I repeated twice, with the utnaoft care; 
and the following table gives the refult of them. 


P p 


Voh. LXXVI. 


Ther- 
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'■Jhermometer JN U 1. 

Its bulb half an inch in dia¬ 
meter, lhut up in the center i 
of a hollow glals globe, i | < 
inch in diameter, void of air , 
and hermetically fealed. 

1 T'aken out of freezing water, 

\ and plunged into boiling water. 

'1 her mo n, etc r JV 2. 

Its bulb half an inch in dia¬ 
meter, fhut up in the center 
of a hollow glafs globe, if 
inch in diameter, filled with 
air , and hermetically fealed. 

Taken out of freezing water , 
and plunged into boiling water , 

'rune elapfed* 

mm 

Time elapfed. 

I I 

n«wlawsai 


Exp. N' 5. 

Exp. N 1 6. 


M. S. M. S. 

0° 

0 

M. S. 

M. S. 

o° 

0 

0 51 0 51 

10 

O 50 

0 30 

IO 

O 59 0 59 

20 

0 35 

0 37 

20 

11 12 

3 ° 

0 41 

0 41 

3 ° 

1 18 1 22 

40 

0 49 

0 53 

40 

1 24 1 23 

5 ° 

1 1 

0 59 . 

5 ° . 

20 1 51 

60 

1 24 

1 20 

60 

3 3° 3 6 

70 

2 45 

2 25 

70 

11 41 10 27 

80 

9 10 

. 9 3 8 

bO 

22 44 21 1 = 

total time 

16 55 

17 3 = total time! 

of heating from o° 

to 8o°. 

lof heating from o° to 8o\ [ 

] Total time from o° to 70° : 

Total tune from 

5 to 7 o°: 


M. S. 


M. S. \ 

I11 Exp. N° 3. = 

11 3 

In Exp. N° 5.= 

7 45 

In Exp. N° 4. = 

IO. 34 

In Exp. N° 6, = 

7 25 

Medium =* 

*-* 

O 

OO 


Medium « 

7 35 


It appears from thefe experiments, that the conducing 
power of air to that of the Torricellian vacuum, under the cir- 
eumftances defcribed, is as 7*4. to 10 i!l inverfely, or as 1000 

to 702 nearly; for the quantities of heat communicated being 
4 » equal, 
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equal, the intenfity of the communication is as the times 
inverfely. 

In thefe experiments the heat palled through the furrounding 
medium into the bulb of the thermometer: in order to reverfe 
the experiment, and make the heat pafs out of the thermo¬ 
meter, I put the inftruments into boiling water, and let them 
remain therein till they had acquired the temperature of the 
water, that is to fay, till the mercury in the inclofed thermo¬ 
meters {food at 8o°; and then, taking them out of the boiling 
water, I plunged them fuddenly into a mixture of water and 
pounded ice, and moving them about continually in this mix¬ 
ture, I obferved the times employed in cooling as follows. 


Thermometer N° 1. 

Surrounded by a Torricellian vacuum* 
Taken out of boiling water, and plunged 
| into freezing water . 


Time elapfed. 

Heat loft. 

Exp. N° 7. 

Exp. N° 8. 



8o° 

M. S. 

M. S. 

0 

I 2 

0 54 

70 

O 58 

I % 

60 

1 l % 

I l8 

5 ° 

i 46 

1 37 

40 

2 5 

2 16 

3 ° 

3 *4 

3 10 

20 

5 42 

5 59 

10 

Not obferved. Not obferved. 0 


Total time of cooling from 8o° to JO 0 . 

M. S. 


In Exp, N a 7 »=i 6 4 
In Exp* N° 8«r:i6 16 


Medium m 6 10 


Thermometer N 3 2. 

Surrounded by air . 

Taken out of boiling water, and plunged 
into freezing water* 


Time elapfed. | 

Heat loft. 

Exp. N° 9. 

Exp.N 0 10. | 



8o° 

M. S. 

M. S. 

0 33 

0 33 

7° 

0 39 

0 34 

60 

0 44 

0 44 

50 

0 55 

0 55 

40 

1 17 

1 18 

30 

1 57 

* 57 

20 

3 44 

3 4° 

10 

40 10 Not obferved. 

1_-_____ 

O 


Total time of cooling from 8o°to io°, 
M* S. 


In Exp. N* 9. —9 49 
In Exp. N 4^ 


Medium zr 9 45 


By 
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By thcie experiments it appears, that the conducing power 
of air is to that of the Torricellian vacuum as 944 to 164.4 
inveifely, or as 1000 to 603. ( 

To determine whether the fame lav would hold good when 
the heated thermometers, inftcad of being plunged into freez¬ 
ing water, weie fuflored to cool in the open air, I made the 
following experiments. The thermometers N° 1. and N° 2. 
being again heated in boiling water, as in the laft expeuments, X 
took them out of the water, and fufpended them in the middle 
of a large room,, where the air (which appeared to be perfeftljr 
at reft, the windows and doors being all ftiut) was warm to 
the 1 6th degree of Reaumur’s thermometer, and the times of 
cooling were obferved as follows. 


(Exp. N u 11.) 

The? mometa N° I. 

Surrounded by a Toiricellian vacuum. 
Heated to 8o°, and fn/pended in the open 
air warm to 1 6°. 

(Exp. N w 12*) 

Thermometer N° 2. 

Surrounded by air. 

Heated to 8o°, and fufpended in the open 
air warm to 16°* 

Time elapfed. 

Heat loll. 

8o° 

Time elapfed* 

Heat loft. 

8o° 

M. S. 

0 

M. S. 

0 

Not obfetvccL 

7 ° 

Not obfeived. 

70 

1 24 

60 

0 51 

60 

l 44 

5 ° 

* 5 

50 

a 28 

40 

1 34 

40 

416 

30 

? 41 

3 ° 

jo £2:rtotal time employed 

6 lirrtotal time employed' 

} n cooling item 70 J 

to ^O n . 

in cooling from 70° to 30°. 


Here the difference in the conducing powers of air and of 
the Torricellian vacuum, appears to be nearly the fame as in 
the foregoing experiments, being as 6.44 to 104? inverfely, or 
ts igoo to 605. I could not obferve the time of cooling from 

3 80 
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8o° to 70% being at that time bufied in fufpending the 
inftruments. 

As it might poffibly be obje&ed to the conclufions drawn 
from thefe experiments that, notwithftanding all the care that 
was taken in the conftru£ting of the two inftruments made 
ufe of that they fhould be perfectly alike, yet they might 
in reality be fo far different, either in fhape or fize, as to occa- 
fion a very fenfible error In the refult of the experiments; to 
remove thefe doubts I made the following experiments. 

In the morning towards eleven o’clock, the weather being 
remarkably fine, the mercury in the barometer {landing at 27 
inches 11 lines, Reaumur’s thermometer at 15 0 , and the hy¬ 
grometer at 47 0 , I repeated the experiment N° 3. (of heating 
the thermometer N° 1. in boiling water, &c.) and imme¬ 
diately afterwards opening^ the cylinder containing the thermo¬ 
meter at its upper end, where it had been fealed, and letting 
the air into it, I re-fealed it hermetically, and repeated the ex¬ 
periment again with the lame inftrument, the thermometer 
being now furrounded with air, like the thermometer N° 2. 

The refult of thefe experiments, which may be feen in the 
following table, fhews evidently, that the error arifing from 
the difference of the flhapes or dimenfions of the two inftru¬ 
ments in queftion was inconfiderable, if not totally imper¬ 
ceptible. 


(Exp. 
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(Exp. N°i3.) 

'Thermometer N J 1 

Its bulb half an inch in dia¬ 
meter Ihut up in the center of 
a glafs globe 1 \ inch in dia¬ 
meter, voided of air , and ner- 
metically fealed. 

Taken out of freezing water , 
md plunged into boiling water . 

(Exp. N° 14.) 

The f,me Thermometer (N° 1.) 

The glafs globe, containing 
the bulb of the thermometer, 
being now filed with air , and 
hermetically fealed. 

Taken out of freezing water , 
and plunged into boiling water. 

Time elapfed. Heat acquired. 

o° 

Time elapfed. Heat acquired. 

o° 

I M. S. 

M. S. 

0 55 10 

0 32 10 

O 

*0 

O 

0 32 20 

1 7 3° 

O 43 30 

I 15 4° 

O 50 40 

1 29' 50 

1 r 50 

22 60 

1 24 60 

3 21 7° 

2 38 70 * 

13 44 80 

10 25 80 

24 48 = total time of 

18 5 = total time of 

heating from o° to 8o°. 

heating from 0° to 8o°. 

Total time from o° to 70° - 

Total time from o° to 70° = 

u / 4 // * 

f 4o // . 


It appears, therefore, from, tliefe experiments, that the con¬ 
ducing power of common atmofpheric air is to that of the 
Torricellian vacuum as 7*4. to inverfely, or as 1000 to 
602; which differs but very little from the refult of all the 
foregoing experiments. 

Notwithftanding that it appeared, from the refult of thefe 
laft experiments, that any difference there might poffibly 
have been in the proportions or dimenfions of the inftruments 
1. and N° 2. could hardly have produced any fenftble error 

in 
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in the i refult of the experiments in queftion; I was willing, 
however, to fee how far any confiderable alterations of fize in 
the inftrument would affed the experiment: I therefore pro¬ 
vided myfelf with another inftrument, which I fhall call ther¬ 
mometer N° 3. different from thofe already defcribed in fize, 
and a little different in its conftrudion. 

The bulb of the thermometer was of the fame form and 
fize as in the inftruments N° 1. and N° 2. that is to fay, it was 
globular, and half an inch in diameter; but the glafs globe, 
in the center of which it was confined, was much larger, being 
3 inches y\ lines in diameter; and the bore of the tube of the 
thermometer was much finer, andconfequently its length, and 
the divifions of its fcale, were greater. The divifions were 
marked upon the tube with threads of filk of different colours 
at every tenth degree, from o? to 80%, as in the before-men¬ 
tioned inftruments. The, tube or cylinder belonging to the 
glafs globe was 8 lines in diameter, a little longer than the 
tube of the thermometer, and perfectly cylindrical from its 
upper end to its jundion with the, globe, being without any 
choak ; the thermometer being confined in the center of the 
globe by a different contrivance, which was as follows. To 
the opening of the cylinder was fitted a ftopple of dry wood, 
covered with a coat of hard varnifh, through the center or 
axis of which pafied the end of the tube of the thermometer: 
this confined the tube in the axis of the cylinder at its upper 
end. To confine it at its lower end, there was fitted to it a 
{tjiclW fteel fpring, a little below the point o°; which, being 
confined round the tube of the thermometer, had three elaftic 
points projeding outwards, which preffing againft the infide 
of the cylinder, confined the thermometer in its place. The 
total length of this inftrument, from the bottom of the globe 



288 Sir Benjamin Thompson’s 

to the upper end of the cylinder, was 1 8 inches, and the freez¬ 
ing point upon the thermometer fell about 3 inches above the 
bulb; confequently it lay about 1§ inch above the junction 
of the cylinder with the globe, when the thermometer was 
confined in its place, the center of its bulb coinciding with the 
center of the globe. Through the flopple which clofed the* 
end of the cylinder paffed two fmall glafs tubes, about a line 
in diameter, which being about a line longer than the flopple 
were flopped up occafionally with fmall floppies fitted to their 
bores. Thefe tubes (which were fitted cxa&ly in the holes 
bored in the great flopple of the cylinder to receive them, and 
fixed in their places with cement) ferved to convey air, or any 
other fluid, into the glafs ball, without being under a neceflity 
of removing the flopple doling the end of the cylinder; which, 
in order to prevent the pofition of the thermometer from being 
eafily deranged, was cemented in its place. 

1 have been the more particular in the defeription of thefe 
inflruments, as I conceive it abfolutely neceflary to have a 
perfect idea of them in order to judge of the experiments made 
with them. 

With the inflrument lafl deferibed (which I have called 
Thermometer 3.) I made the following experiment. It was 
upon the 18th of July lafl, in the afternoon, the weather va¬ 
riable, alternate clouds and fun-fhine; wind flrong at S.E. 
with now and then a fprinkling of rain; barometer at 27 
inches io\ lines, thermometer at i8°|, and hygrometer va¬ 
riable from 44 0 to extreme moiflure. 

In order to compare the refult of the experiment made with 
this thermometer with thofe made with the thermometer N° 2. 
I have, in the following table, placed thefe experiments by the 
fide of each other. 
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(Exp* N° 15.) 

Thermometer N° 3 * 

Its bulb half an inch in dia¬ 
meter, fhut up in the center of 
a glafs tube, 3 inches 7I lines 
in diameter, and furrounded by 
air* 

Taken out of freezing water , and 
plunged into loiling water* 

(Exp, N J 4. and N J 5 ) 

Thermometer N D 2. 

Its bulb half an inch in diameter, fhut up in 
the center of a glafs globe, ij inch in dia¬ 
meter, and furrotmded by air*. 

Taken out of freezing water , and plunged into 
boiling water. 

__ --- _a_ 

Time elapfed. 

Heat j 

Time elapfed. 

Heat acquired. 

Exp. N°4. Exp.N~5. 

Medium* 

acquired. 

r -- 

o° 

. .« 

.— 


M. S. 

0 

M. S. M. S. 


0 

0 33 

10 

0 30 0 30 

0 30 

10 

0 38 

20 

° 35 0 37 

0 36 

20 

0 54 

3 ° 

0 41 0 41 

O 41 

30 

0 5 1 

40 

O 49 0 53 

0 5 1 

40 

* 7 

5 ° 


i a 

50 

1 28 

60 

1 24 1 20 

1 22 

60 

2 28 

7 ° 

2 45 2 25 

2 3 S 

70 

9 0 

80 

910 9 38 

9 2 4 

80 

16 59 s: 

total time of 

16 55 17 3 

16 39 

=r total! 

heating from 0' 

0 to 8o°. 

time of heating from 0 

0 to 8o°. 


Time from 0° 1 

to 7 °°= 7 ' 59 "- 

Time from 0° 

to 70°=7' 3S" . 1 


If the agreement of thefe experiments with the thermome¬ 
ters N° a. and N° 3. furprifed me, I was not lefs furprifed 
with their difagreement in the experiment which follows. 


Experiment N° 16. 

Taking the thermometer N° 3. out of the boiling water, I 
immediately fufpended it in the middle of a large room, 
where the air, which was quiet, had‘the temperature of i8°i 
R. and obferved the times of cooling as follows 
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Heat loft. 

8o° 

60 

5 ° 

40 


9 55 = total time of cooling from 8o° to 30°. 

Time from 70° to ^o° = S' o"; but in the experiment N° 
12. with the thermometer N 1 2. the time employed in cooling 
from 70° to 30° was only 6 / 11 !'. In this experiment, with 
the thermometer N° 3. the time employed in cooling from 6 o° 
to ;o° was Y 48"; but in the above-mentioned experiment, with 
the thermometer N° 2. it was only $' 20".■ It is true, the air of 
the room was fomewhat cooler when the former experiment* 
was made than when this latter was made with the thermo¬ 
meter N° 3. j but this difference of temperature, which was 
only 2°i (in the former cafe the thermometer in the room' 
Handing at 16°, and in the latter at 18°f) certainly could not 
have occafioned the whole of the apparent difference in the 
refults of the experiments. 

Does air receive heat more readily than it parts with it ? This 
is a queftion highly deferving of further inveftigation, and I 
Ihall not fail to give it a full examination in the courfe of my 
proje&ed inquiries; but leaving it for the prefent, I fhall proceed 
to give an account of the experiments which I have already 
made *. 

It 

* Concaving it to be a ftep of considerable importance towards coming at a 

further 


Time elapfed, 

M. S. 

1 55 

O 12 

0 33 

2 15 

4 o 



Experiments upon Heat . 291 

It having been my intention from the beginning to examine 
the conducing powers of the artificial airs or gaffes, the 

thermometer 

further knowledge of the nature of heat, to afcertain, by indifputable evidence, 
its paffage through the Torricellian vacuum, and to determine, with as much 
precifion as poffible, the law of its motions in that medium ; and being appre- 
henfive that doubts might arife with refpect to the experiments before deferibed, 
•on account of the contact of the tubes of the inclofed thermometers in the 
inftruments made ufe of with the containing glafs globes, or rather with their 
cylinders; by which means it might be fufpe&ed, that a certain quantity, if not 
all the heat acquired, might poffibly be communicated: to put this matter 
.beyond all doubt, I made the following experiment. 

• In the middle of a glafs body, of a pear-like form, about 8 inches long, and 
2§ inches in its great eft diameter, I fufpended a fmall mercurial thermometer, Si 
inches long, by a fine thread of filk, in fuch a manner that neither the bulb of 
the thermometer, nor its tube, touched the containing glafs body in any part. 
The tube of the thermometer was graduated, and marked with fine threads of fdk 
of different colours bound round it, as in the thermometers belonging to the 
other inftruments already deferibed; and the thermometer was fufpended in its 
place by means of a {mail fteel fpring, to which the end of the thread of filk 
which held the thermometer being attached, it (the fpring) was forced into a 
fmall globular protuberance or cavity, blown in the upper extremity of the glafs 
tody, about half an inch in diameter, where the fpring remaining, the thermo- 
meter neceffarily remained fufpended in the axis of the glafs body. Theie was 
an opening .at the bottom of the glafs body, through which the thermometer was 
introduced; and a barometrical tube being foldered to this opening, the infide of 
the glafs body was voided of air by means of mercury; and this opening being 
afterwards fealed hermetically, and the barometrical tube being taken away, the 
thermometer was left fufpended in a Torricellian vacuum. 

In this inftmment, as the inclofed thermometer did not touch the containing 
glafs body in any part, -on the contraiy, being diftant from its internal furface an 
inch or more in every part, it is clear, that whatever heat paffed into or out of the 
thermometer muft have paffed through the furrounding Torricellian vacuum: for 
it cannot be fuppofed, that the fine thread of filk, by which the thermometer 
«as fufpended, was capable of condu&ing any heat, at all, or at leaft any fenftble 

quantity. I therefore flattered myfelf with hopes of being able, with the 

nno affiftance 
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thermometer N° 3. was conftrufted with a view to thofe expe- 
jimeats; and having now provided myfelf with a Hock of thofe 
different kinds of airs, I began with fixed air , with which, by 

afiifiance ©f this inftrument, to determine pofitivelv with regard to the paffage of 
heat in the Torricellian vacuum s and this, I think, I have done, notwitfcftandmg 
that an unfortunate accident put it out of my power to purfue the experiments fo 
far as I intended. 

This inflrument being fitted to a fmall ftand or foot of wood, in fuch a manner 
that the glafs body remained in a perpendicular fituation, I placed it in my room, 
by the fide of another inclofed thermometer (N° 2.), which was furrounded by 
air, and obferved the efFeft of the variation of heat in the atmofphere. I foon 
difcovered, by the motion of the mercury in the inclofed thermometer, that the 
heat paffed through the Torricellian vacuum; but it appeared plainly from the* 
fluggiflmefs or great infenfibility of the thermometer, that the heat paffed with 
much greater difficulty in this medium than in common air. I now plunged both 
the thermometers into a bucket of cold water; and I obferved that the mercury 
m the thermometer furrounded by air defended much fafler than that in the 
thermometer furrounded by the Torricellian vacuum. I took them out of the 
cold water, and plunged them into a veffei of hot water (having no conveniences 
at hand to repeat the experiment in form with the freezing and with the boiling 
water); and the thermometer furrounded by the Torricellian vacuum appeared 
fill to be much more infenfihle or fluggifh than that furrounded by air. 

Thefe trials were quite fufficient to convince me of the paffage of heat in the 
Torricellian vacuum, and alfo of the greater difficulty of its paffage in that 
medium than in common air; but, not fatisfied to reft my inquiries here, I took 
the firft opportunity that offered, and fet myfelf to repeat the experiments which 
J had before madd with the inftruments N° I. and N° 2. I plunged this inftru- 
ment into freezing water, where I let it remain till the mercury in the inclofed 
thermometer had defcended to o“; when, taking it out of the freezing water, I 
plunged it fuddenly into a veffei of boiling water, and prepared myfelf to obferve 
the afcent of the mercury in the inclofed thermometer as in the foregoing experi¬ 
ments ; but unfortunately the moment the end of the glafs body touched the 
boiling water, it cracksd with the heat at the point where it had been hermetically 
fealed, and the water rufhing into the body, fpoiled. the experiment; and I have 
not fince had an opportunity of providing myfelf with another inftruxncnt to 
repeat it. 


means 
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means of water, 1 filled the gt&lfe and cylindef containing the 
thermometer; and Hopping up the two holes in the great Hop* 
pie doling the end of the cylinder, I expofed the inlhument in 
freezing water till the mercury in the inclofed thermometer had 
defcended to o°; when, taking it out of the freezing water* 

I plunged it into a large veffei of boiling water* and prepared 
myfelf to obferve the times of heating, as in the former cafes $ 
but an accident happened, which fuddenly put a Hop to the 
experiment. Immediately upon plunging the inftrument into 
the boiling water, the mercury began to rife in the thermometer 
with fuch uncommon celerity, that it had palled; the firft divi- 
fion upon the tube (which marked the 10th degree, according 
to Reaumur’s fcale) before I was aware of its being yet in 
motion ; and having thus miffed the opportunity of obferving 
the time elapfed when the mercury arrived at that point* I 
was preparing to obferve its paffage of the next, when all of a 
fudden the Hopple clofmg the end of the cylinder was blown 
up the chimney with a great explofion, and the thermometer* 
which, being cemented to it by its tube, was taken along with 
it, and was broken to pieces, and deHroyed in its fall. 

This unfortunate experiment, though it put a Hop for the 
time to the inquiries propofed, opened the way to other re- 
learches not lefs interefling. SufpedHng that the explofion was 
Occafioned by the rarefaftion of the water which remained 
attached to the inlide of the globe and cylinder after the ope¬ 
ration of filling them with fixed air; and thinking it more 
than probable, that the uncommon celerity, with which the 
mercury rofe in the thermometer, was principally owing to 
the fame caufe; I was led to examine the conducting power of 
moj/l air , or air feturated with water. 

For 
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For this experiment,, I provided myfelf with a new thermo¬ 
meter N° 4. tlje bulb of which, being of the fame form as 
thofe already defcribed (viz. globular) was alfo of the fame fize, 
or half an inch in diameter. To receive this thermometer 
a glafs cylinder was provided, 8 lines in diameter, and about 
14 inches long, and terminated at one end by a globe i§ inch 
in diameter. In the center of this globe the bulb of the ther¬ 
mometer was confined, by means of the hopple which clofed the 
end of the cylinder; which hopple, being near 2 inches long, re¬ 
ceived the end of the tube of the thermometer into a hole bored 
through its center or axis, and confined the thermometer in its 
place, without the afiiftance of any other apparatus. Through 
this hopple two other fmall holes were bored, and lined with 
thin glafs tubes, as in the thermometer N° 3. opening a paf- 
fage into the cylinder, which holes were occafionally flopped 
up with fome floppies of cork; but to prevent accidents, fiich 
as I had before experienced from an explofion, great care was 
taken not to prefs thefe floppies into their places with any con- 
fiderable force, that they might the more eafily be blown out 
by any confiderable effort of the confined air. 

Though in this inftrument the thermometer was not alto¬ 
gether fo fteady in its place as in the thermometers N° 1. N°2. 
and N° 3. the elafticity of the tube, and the weight of the 
mercury in the bulb of the thermometer, occafioning a fmall 
vibration or trembling of the thermometer upon any fudden 
motion or jar; yet I preferred this method to the others, oil 
account of the lower part of .this thermometer being intirely 
free, or fufpended in fuch a manner as not to touch, or have 
any communication with, the lower part of the cylinder or 
the globe: for though the quantity of heat received by the 
tuhe of the thermometer at its contadt with the cylinder at its 

choaks, 



Experiments upon Heat. 295 

choaks, in the inftruments N° 1. and N° 2. or with the 
branches of the fteel fpring in N° 3. and from thence commu¬ 
nicated to the bulb, muft have been exceedingly fmall; yet I 
\Vas defirous to prevent even that, and every other poffible 
error or inaccuracy, however fmall, that might arife. 

Does humidity augment the conducting power of air ? 

To determine this queftion I made the following experi¬ 
ments, the weather being clear and fine, the mercury in the 
barometer Handing at 27 inches 8 lines, the- thermometer at 
19 0 , and the hygrometer at 44°.- 


(Exp. 17.) 

Thermometer N° 4-. 

Surrounded by air dry to the 
44th degree of the quill hy¬ 
grometer of the Manheim 
Academy. 

Taken out of freezing water , 
and plunged into hailing water. 

(Exp. N°iB.) 

The fume thermometer (N° 4.) 

Surrounded by air rendered 
as moift as poffible by wetting 
the infide of the cylinder and 
globe with water. 

Taken out of freezing water , 
and plunged into boiling water. 

Time elapfed. Heat acquired. 

- 8 o° 

M. S. 0 

O 34 IO 

O 39 20 

0 44 3 ° 

0 51 40 

16 50 

1 35 60 

2 40 70 

not obferved. 80 

* ! 

8 9 = total time of 

heating from c° to yo°. 

Time elapfed. Heat acquired. 

o° 

M. S. 

o' 6 10 

04 20 

0 5 3 ° 

09 40 

0 18 50 

0 26 60 

O 43 . 30 ' 

7 45 . 80 

1 51 = total time of 
heating from o° to 70° [ 


From- 



z-qb Sir Benjamin Thompson’s 

From thefe experiments it appears, that the conducing 
power of air is very much increafed by humidity. To fee if 
the fame refu-it wouid obtain when the experiment was re- 
verfed, I now took the thermometer with the moiji air out of 
the boiling water, and plunged it into freezing water; and 
moving it about continually from place to place in the freezing 
water, I obferved the times of cooling, as fet down in the 
following table. N. B. To compare the refult of this experi¬ 
ment with thole made with dry air , I have placed on one fide 
in the following table the experiment in queftion, and on the 
other fide the experiment N° 29. made with the thermo¬ 
meter N° 2. 


(Exp. N° 19.) 

\Thermometer N° 4. 
Surrounded by moiji air. 
Taken out of boiling water, 
and plunged intofreezing water. 

(Exp. N 1, 10.) ; 

Thermometer N° 2. 
Surrounded by dry air. 
Taken out of boiling water , 
and plunged into freezing 1 water . 

Tune elapfcd, Heat loft. 

- 8o° 

M. s. 

t 04 70 

0 14 60 

0 31 50 

0 52 40 

1 22 30 

2 3 20 

4 a 20 

» 9 * 8 as total time of 

cooling from 80- to t o°. 

Time elapfcd. Heat loft. 

- So 0 

M. S. 0 

0 33 7 ° 

0. 3 4 60 

■ 0 44 50 

0 55 4 o 

2 18 30 

1 ?7 20 

3 40 10 

| 912 = total time of 

cooling from 8o° to io°. 


Though the difference of the( whole times of cooling from 
8o° to io° in thefe two experiments appears to have been very 
5 fmall. 
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fmall, yet the difference of the times taken up by the firft 
twenty or thirty degrees from the boiling point is very re¬ 
markable, and lhows with how much greater facility heat 
pafles in moift air than in dry air. Even the fiownefs with 
which the mercury in the thermometer N° 4. defcended in 
this experiment from the 30th to the 2Cth, and from the coth 
to the 1 oth degree, I attribute in fome naeafure to the great 
conducting power of the moift air with which it was fur- 
rounded ; for the cylinder containing the thermometer and the 
moifl: air, being not wholly fubmerged in the freezing water, 
that part of it which remained out of the water was neceffarily 
furrounded by the air of the atmofphere ; which being much 
warmer than the water, communicated of its heat to the glafs; 
which, paffing from thence into the contained moift air as 
foon as that air became colder ,than the external air, was. 


through ’ that medium, communicated to the bulb of the in- 
clofed thermometer, which prevented its cooling fo faft as it 
would otherwife- have done. But when the weather becomes 
cold, 1 propofe to repeat this experiment with variations, in 
fuch a manner as to put the matter beyond all doubt. In the 
mean, time I cannot help obferving, with what infinite wifdom 
and goodrtefs Divine Providence appears to have guarded us 
againft. the evil effects of exceffive heat and cold in the atmo- 
Iphere; for if it were poffible for the air to be equally damp 
during this fevere cold of the winter months as it fometimes is 
in fummer, its condu&ing power, and confequently its apparent 
coldnefs, when applied to our bodies, would be fo much in- 
ceeafed, by inch an additional degree of moifture, that it 
Would* become quite intolerable; but, happily for i ts 
jwWetf fo hold water in folufion is diminiftied, and with it its 
to rob tie* a§ our animal heat, in proportion as its 
Vol. LXXVI. R r coldnefs 
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coldnefs is increafed. Every body knows how very dlfagreeable 
a very moderate degree of cold is when the air is very damp; 
and from hence it appears, why the thermometer is not always 
a juft meafure of the apparent or fenfible heat of the atmo- 
fphere.' If colds or catarrhs are occafioned by our bodies being 
robbed of our animal heat, the reafon is plain why thofe dis¬ 
orders prevail moft during the cold autumnal rains, and upon 
the breaking up of the froft in the Spring. It is likewife plain 
from whence it is that fleeping in damp beds, and inhabiting 
damp houfes, is fo very dangerous; and why the evening air is 
fo pernicious in fummer and in autumn, and why it is not fo 
during the hard frofts of winter. It has puzzled many veiy 
able philofophers and phyficians to account for the manner in 
which the extraordinary degree or rather quantity of heat is 
generated which an animal body is fuppofed to lofe, when ex- 
pofed to the cold of winter, above what it communicates to 
the furrounding atmofphere in warm fummer weather; but is 
it not more than probable, that the difference of the quantities 
of heat, actually loft or communicated, is infinitely lefs than 
what they have imagined ? Thefe inquiries are certainly very 
interefting; and they are undoubtedly within the reach of 
Well contrived and well conduced experiments. But taking 
my leave for the prefent of this curious fubjeCt of inveftiga- 
tion, I hafteu to the fequel of my experiments. 

Findiug fo great a difference in the conducting powers of 
common air and of the Torricellian vacuum, I was led to 
examine the conducting powers of common air of different 
degrees of denfity. For this experiment I prepared the ther¬ 
mometer N° 4. by flopping up one of the finall glafs tubes 
paffing through the ftopple, and opening a paflage into the 
cylinder, and by fitting a valve to the external overture of the 

other* 
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other. The inftrument, tlius prepared, being put under the 
receiver of an air-pump, the air pafled fieely out of the globe 
and cylinder upon working the machine, but the valve abo\e 
defcribed prevented its return upon letting air into the receiver. 
The gage of the air-pump Ihowed the degree of rarity of the 
air under the receiver, and confequently of that filling the 
globe and cylinder, and immediately furrounding the thermo¬ 
meter. 

With this inflrument, the weather being clear and fine, 
the mercury in the barometer Handing at 27 inches 9 lines, the 
thermometer at 15 0 , and the hygrometer at 47% I made the fol¬ 
lowing experiments. 


(Exp. N° 20.) 

Thermometer N° 4. 

Surrounded by common 
air, barometer flanding at 
27 inches 9 lines. 

Taken out of freezing wa¬ 
ter, and plunged into boiling 
water . 

(Exp. 21.) 

Thermometer N° 4. 

Suriounded by air rare¬ 
fied by pumping till the 
barometer-gage flood at 1 
6 inches ii§ lines. 

Taken out of freezing wa¬ 
ter, and plunged into boiling 1 
water . « 

Time 

Heat 

Time 

Heat 

elapfed* 

acquired. 

elapfed* 

acquired. 

- ■ - 

o° 

" 

0° 

M. S. 

0 

M. S. 

0 

0 31 

10 

0 3 * 

10 

0 40 

20 

0 38 

20 

0 41 

30 

0 44 

3 ° 

0 47 

40 

0 S 1 

40 

1 4 

5 ° 

1 7 

So 

1 25 * 

60 

1 19 

60 

2 28 

70 

2 27 

70 

IO 17 

80 

ZO 21 

80 

| y 26= total time of 

7 37 = total time of 

Iheating from 0 

0 to ^o a . 

heating from o° to 70*. 


(Exp. N° 22.) 

1 Thermometer N 3 4. 

Surrounded by atr rare- 


x inch 2 lines. 

Taken, out of freezing wa 


Time 

elapfed, 

M. & 
O 29 


36 

49 

1 

1 

*4 


o 
o 

X 

1 
X 

2 31 

not obferved. 


Heat 

acquired. 


o 

10 

20 

3 ° 

40 

So 

60 

70 

80 


7 ^irrtotal tine of 
heating from Q° to 70°. 


R r 2 
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The refult of thefe experiments, I confeis, furprifed me 
not a little; but the difeovery of truth being the foie objed of 
my inquiries (having no favourite theory to defend) it brings 
no difappointment along with it, under whatever unexpeded 
fhape it may appear. I hope that further experiments may lead 
to the difeovery of the caufe why there is fo little difference in 
the conduding powers of air of fuch very different degrees of 
rarity, while there is fo great a difference in the conduding 
powers of air, and of the Torricellian vacuum. At prefent, 
I fhall not venture any conjedures upon the fubjed; but in the 
mean time I dare to affert, that the experiments 1 have made 
may be depended on. 

The time of my day at Manheim being expired (having had 
the honour to attend thither his moft Serene Highnefs the 
Eledor Palatine Duke of Bavaria, my moft Gracious Mafter, 
in his late journey), I was prevented from purfuing thefe in¬ 
quiries further at that time; but I fhall not fail to recommence 
them the firft leifure time I can find, which I fancy will be 
about the beginning of the month of November. In the mean 
time, to enable myfelf to purfqe them with effed, I am 
iparing neither labour nor expence to provide a complete appa¬ 
ratus necefiary for my purpofe; and his Eledoral Highnefs 
has been gracioufly pleafed to order M. Artaria (who is iq 
his fervice) to come to Munich to aflift me. With fuch a 
jPatrpn as his moft Serene Highnefs, and with fuch an affiftant 
;as Artaria, I fhall go on in my purfiyts with chearfqlnefsi. 
Would to God that my labours might be as ufeful to others ap 
they will be pleafant to me! ! 


I fhall conclude this letter with *-flier* «eeea»fc-of fbme 
experiments I have made to determine the conduding powers 
4 of 
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of water and of mercury; and with a table, fhowing at one 
view the conducing powers of all the different mediums 
which I have examined. 

Having filled the glafs globe inclofing the bulb of the ther¬ 
mometer N° 4. firft with water, and then with mercury, I 
made the following experiments, to afcertain the condu&ing 
powers of thofe two fluids. 


(Exp. N° 23.) 
thermometer N° 4* 
Surrounded by water* 

Taken out of freezing water, and 
phmged into boiling water* 

(Exp. N° 24, 25, and 26.) 
Thermometer N° 4. 

Surrounded by mercury . 

Taken out of freezing water, and plunged into 
boiling wafer . 



Time elapfed.< „ 

Time elapfed 

. Heat acquired. : 

Exp.N°24. Exp.N°25 

E* P .N°i6.“’" ire<1 - 

, . 

0° 

--- - — 

♦- o° 

; ' M. S. 


M. S. M. S. 

M. S. 

O IQ 

10 

05 0 5 

0 S 10 

0 8 

20 

04 0 2 

05 20 

0 9 

3 ° 

02 02 

0 4 30 

O II 

40 

04 05 

05 40 

0 is 

50 1 

04 04 

07 50 

0 21 

60 

07 04 

08 60 

0 34 

70 

0 15 09 

0 14 70 

2 13 

80 

Not obferved. 0 58 

Not obferved. 80 

157= 

total time of heat- 

Oil 0 31 

0 48=total times 

ing from o° 

to 70°. 

1 of heating from to 70 . * 


The total times of heating from o° to 70° in the three ex¬ 
periments with mercury being 41 feconds, 31 feconds, and 
48 feconds, the mean, of thefe times is 36#- feconds; and as in 
the experiment with water the time employed in acquiring 

the fame degree of heat was 1' $7 "=117 feconds, it appears 

from 
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from thefe experiments, that the conducing power of mercury 
to that of water, under the circumftances defcribed, is as 36! 
to 117 inverfely, or as 1000 to 313. hence it is plain, 

why mercury appears fo much hotter, and fo much colder, to 
the touch than water, when in fa<£t it is of the fame tempera¬ 
ture : for the force or violence of the fenfation of hot or cold 
depends not intirely upon the temperature of the body exciting 
in us thofe fenfations, or upon the degree of heat it aftually 
poflefles, but upon the quantity of heat it is capable of commu¬ 
nicating to us, or receiving from us, in any given Ihort period 
of time, or as the intenfity of the communication j and this 
depends in a great meafure upon the conducing powers of the 
bodies in queflion. 

The fenfation of hot is the entrance of heat into our bodies; 
that of cold is its exit; and whatever contributes to facilitate 
or accelerate this communication adds to the violence of the 
fenfation. And this is another proof that the thermometer 
cannot be a juft meafure of the fenjible heat, or cold, exifting 
in bodies; or rather, that the touch does not afford us a juft 
indication of their real temperatures. 


Araik 
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A Table of the conducing Powers of the under-mentioned 
Mediums , as determined by the foregoing experiments. 



In determining the relative conducing powers of thefe me¬ 
diums, I have compared the times of the heating of the ther¬ 
mometers from o° to 70° inftead of taking the whole times 
from o° to 8o°, on account of the fmall variation in the heat 
of the bo iling water arifing from the variation of the weight 
of the atmofphere, and alfo on account of the very flow mo¬ 
tion of the mercury between the 70th and the 80th degrees, 
and the difficulty of determining the precife moment when 
the mercury arrives at the 80th degree. 


Taking 
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Taking now the conducting power of mercury = 1000, the 
conducting powers of the other mediums, as determined by 
thefe experiments, will be as follows, viz. 

Mercury . • 1000 

Moift air . . 33 ° 

\Va»er, . * 3*3 

Common air, denfity = I 8o T i 0 Af 

Rarefied air, denfity — i • 

Rarefied air, denfity — ^ 78 

The Torricellian vacuum 55 

And in thefe proportions are the quantities of heat which 
thefe different mediums are capable of tranfmitting in any 
given time; and confequently thefe numbers exprefs the rela-' 
tive fenfible temperatures of the mediums, as well as their con¬ 
ducting powers. How far thefe decifions will hold good under 
a variation of circumftances experiment only can determine. 
This is certainly a fubjeft of inveftigation not lefs curious in, 
itfelf than it is interefting to mankind; and I wjfh that what I 
have done may induce others to turn their .attention to this 
long neglected field of experimental inquiry. For my own 
part, I am determined not to quit it. 

In the future profecution of thefe inquiries, I do not mean 
to confine myfelf folely to the determining of the conducing 
powers of fluids; on the cqntrary, folids, and particularly 
fuch bodies as are made ufe of for cloathing, will be principal 
fubjeCts of my future experiments. I have indeed already 
begun thefe refearches r and have made feme progrefs in them; 
but I forbear to anticipate a matter which I propofe for the 
fubjeCt of a future communication. 
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XV. Htftory and DiJfeStion of an extraordinary frltrtfufception. 
By John Coakley Lettfom, M, D. F* R. S. and A. S, 


Read March 16, 1786. 

A B. a child four years old, was fir ft indifpofed about the 
• middle of September* 1784. Wheh I was confulted, 
which was on the 7 th of October, the fymptoms refembled 
thofe of a cholera morbus. . At this period, however, the 
diarrhoea had ceafed; but the patient continued frequently to 
vomit, efpecially after taking nourifhment. 

On the 40th a dyfentery fucceeded, with mucous and bloody 
ftools, which ceafed after a few days continuance, when lhe 
nearly recovered her former ftate of health, without evert 
reaching after her ufual food. She was now removed into 
the couhtiy; and I did not hear of her again till Decern** 
ber, when fhe was brought to town, on account of the return 
of the dyfentery, which was, at this period* accompanied with 
a troublefome tenefmus, and a confiderable degree of fever. 

By anodyne medicines, and the ufe of opiate clyfters, thefe 
Complaints were occafionally moderated, and fometimes they to¬ 
tally ceafed for a few days, but feldom longer, and the intervals 
of relief gradually ftiortened; the attacks became alfa more via-* 
lent, commencing with violent rigors, and fever fucceeding* 
the pulfe grew weaker and weaker, and the patient became ex¬ 
tremely extenuated in fteih; and towards the conclufiob of this 
You LXXVI. S f 
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month, after repeated vomitings of a dark* coloured fluid, like 

coffee grounds, it finifhed its painful exigence. 

Bleeding, before the debility was become alarming, afforded 
j^q material refpite. Fomentations to the abdomen, and tepid 
bathing of the whole body, were equally ineffe&ual. Ano¬ 
dyne ftarch clyfters afforded fome truce, but it could not be 
durable; the natuie of the mifchief was too momentous to 
afford any hope of permanent relief, as the d'ffedion after 
death will evince. 

Examination of the Body after Death , by ATr. Tiiom as What el y. 

Surgeon. 

Upon expofing the cavity of the abdomen, the figmoid 
flexure of the colon immediately prefen ted itfelf to view, en-. 
larged to the fize of that of an adult, as alfo a large diftended 
inteftine appearing to be at firft view a continuation of the 
tranfverfe arch of this gut; and at the place where this feenfing 
arch joined the figmoid flexure, there appeared a firm or tight 
band, as if furrounding the inteftine, and here it was ftrongly 
bound down. 

On a nicer inflection this arch was found to be a portion of 
the ileum, which palling within the band was inclofed in the 
figmoid flexure of the colon. 

All the parts between this portion of the fmall inteftincs 
and the figmoid flexure, amongft which were the caput coli, 
caecum with its appendix, and the whole of the great arch of 
the colon, could no where be feen. The want of thefe parts, 
the enlarged fize of the figmoid flexure, and the hard feel 
^evidently fhewing that it contained fome fubftance, left not 
room to doubt, but that all the miffing portion of the inteftines 
7 was 
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was contained withia the figmoid flexure. A finger intro¬ 
duced into the anus felt a round fubftance in the re&um, 
with an opening in the middle, not unlike the os tincse. This 
fubftance did not adhere, the finger palling round it freely, be¬ 
tween it and the internal coat of the reftum. The liver, the 
urinary bladder, and fmall inteftines, were the remaining parts 
which fxrft appeared when the parietes of the abdomen were 
turned back. 

Upon looking for the omentum, a portion of it only was 
found attached to the ftomach, the remaining part evidently 
palled within the band into the figmoid flexure^ 

The ftomach was tied much clofer to the fpine than natural* 
■by the difplacing of the omentum and great arch of the colon.. 
The gall bladder was as large as that of an adult, and was full 
of thin bile, but without obftru&ion to its paffage into the 
duodenum. 

. The general external appearance of all the inteftines was 
natural, except flight inflammation in fome places. 

The cavity of the abdomen alfo contained more than half 
an ounce of thin pus; and on the right fide were two liga¬ 
mentous peritoneal fubftances, very much on the ftretch; one 
formed by an extenfion of that part of the peritoneum called 
ligamentum * coli dextrum; the other at the place where the- 
colon is conne&ed to the peritoneum over the right kidney. 

As the further inveftigation of this uncommon difeafe re¬ 
quired particular attention, I cut out all the parts connected 
with it, bringing away the whole figmoid flexure of the colon, 

* I have obferved, 'that in fome children the caput coli is naturally connected 
much more loofely than in others. It is probable, that the prefent ti& vfras one 
of thofe* i ; 
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with the return, anus, uterus, and bladder; alfo a part of the 
arch of the ileum with the omentum, and a portion of the 
ftomach and duodenum. 

The Drawing * (Tab. VII.) was taken by Mr. Pole, Surgeon, 
of the natural fize, and the fmall inteftines added from a 
Iketch I made before the parts were removed from the body. 

I then made a longitudinal incifion through the coats of the 
figmoid flexure of the colon, from the anus to the band at its 
upper part. Within the cavity, which was lined with mucus, 
appeared a large inteftine, taking on the form of the figmoid 
flexure, which on examination proved to be the great arch of 
the colon and the caecum inverted; fothat the villous coat was 
external, and in contact with the villous coat of the figmoid 
flexure, through the whole extent of both; at the extremity of 
which inverted inteftine were two apertures, viz. the large one 
felt by the finger per cinum, and a fmaller one. 

It now plainly appeared, that the band was formed by the up- 
perpart of the figmoid flexure being drawn tight by the inver- 
fion of the part of the colon immediately above it, the further 
progrefs of which was prevented by the peritoneal connections 
at that place not giving way; which caufed it to appear as a 
band tying the inteftine down. 

This inclofed inteftine was very much difeafed, the upper part 
next the band being highly inflamed, and as it approached the 
caput coli in the reCtum gradually terminated in mortification, 
fo that for three inches from its extremity it was perfe&ly black. 

No adhefion whatever appeared between the coats of thefe 
inteftines, as this inverted colon might be lifted out pf the 
figmoid flexure to the band. 

* Mr. Basiee veiy accurately reduced the fcale under my own inipe&ioa from 
wbicti the engravings arc taken, 

4 Upon 
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Upon cutting through the coats of this inverted inteftine it 
was obferved, that they were very much thickened and difeafed; 
the enlargement of the gut,which,was fully equal to that of an 
adult, confining chiefly in a thickening of its various mufcular 
fibres *. ■ The peritoneal coat, now become its internal furface, 
was every where highly inflamed, but not black as on the outfide, 
the inflammation gradually increafing from the band to the extre¬ 
mity of the caecum. Through the whole length of its cavity was 
included a portion of the ileum uninverted, with its connecting 
mefentery, which communicated with the larger aperture above 
defcribed at the extremity of the caecum, and with the arch of 
the ileum above the band. It was contracted in fize, but was 
nearly free from thickening or inflammation; fome adhefions 
only connected it with the coats of the colon ; but the portion 
above the band was atleaftfour times as large, thus refembling 
in magnitude as well as occupying the place of the great arch 
of the colon. Befides this inteftine, this cavity contained a 
portion of the omentum continued from that above, palling 
within Cie band, and extending half-tray to the reCtum; an 
enlarged clufter of mefeuteric glands, of the fize of a pigeon’s 
egg, which juft emerged from under the band, and were connected 
with a portion of the mefentery above; and, at the lower part, the 
appendix vermiformis larger and longer than natural but like- 
wife uninverted, the mouth of the cavity of which formed the 
fmalW opening in the csecum before mentioned. It was at 
this point of the difleCtion that the fame ingenious Surgeon 
drew the figure, tab. VIII. 

* The increafed aftion of thefe mufcles, neceflarily attendant on their inverted 
ftate, wouldincreafe the fize of their mufcular fibres, as,happens in the-bladder, 
when it a&s frequently. 

As 
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As long as the parts had been in this very uncommon filia¬ 
tion, the feces muft have paffed through the valve of the 
colon, direaiy into the very lowed part of the re&um, with¬ 
out ever coming in contad with any portion of the large 
inteftines. 

And in the laft week of the child’s life, when a prolapfus 
frequently happened, the feces paffed dire&ly from the ileum 
into the night-ftool. 

The arch of the ileum, in default of that of the colon, 
formed the refervoir for the feces; which, with the partial 
interruption to their paffage by the ftridure occafioned by the 
band, probably caufed its enlargement. But the feces con¬ 
tained in it were of a thinner confidence, and wanted the 
fetor ufually met with in the colon. 


EXPLANATION OF THE PLATES* 

TAB. VII. 

A general view of the inteftines, in the fituation in which 
they appeared on firft opening the body, 

aa. The enlarged ileum, putting on the appearance of the 
great arch of the colon. 

b. The fudden enlargement of the ileum, 

c. The ileum palling within the band into the colon. 

d. Part of the omentum palling within the band. 

e. The inteflajaal band, formed by the inrerfion of the great 
arch of the colon immediately above it cealing at this place. 
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ff. The figmoid flexure of the colon, containing the intro- 
fufcepted portion of the alimentary canal. 

g. The return diftended with the fame. 

h. The anus. 

It. Small inteftines of the natural fize and healthy appearance. 


TAB. VIII. 

The fame view, with the figmoid flexure laid open, and the 
edges turned back, to fhew the contained parts; and likewife 
the introfufcepted colon laid open, to difplay the uninverted 
ileum and appendix vermifbrmis contained within it. 

aaaa. Internal furface of the figmoid flexure of the colon 
fpread open. 

bbbb. The external furface (by the inverfion now become 
internal) of the great arch 'of the colon within the figmoid 
flexure fpread open. 

c c. Part of the ileum uninverted. 
d. Appendix caeci uninverted. 

e e. A probe piercing the diflended ileum, pafled within the 
band, and brought out in another portion of the ileum, con-*' 
tained within the inverted colon below the band. 

ff. A blow-pipe paffed through the valve of the colon, 
where it opened into the re&um, and brought out through the 
coats of the ileum above. 

gg. A probe paffed into the natural opening of the appendix 
eaeci, and brought out above. 
h b. The caecum inverted. 
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i. Part of the return. 
h. The anus. 

/. Part of the omentum, attached to the peritoneal furface ol 
the great arch of the colon, and continued from the portion 
above. 

m. The duller of enlarged mefenteric glands. 
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XVI. New Experiments on the Ocular SpeSlfa of Light and 
Colours . By Robert Waring Darwin, M. D. ; communicated 
by Erafmus Darwin, M. D. F. R. S . 


Read March 23, 1786. 

W HEN any one has long and attentively looked at a 
bright objed, as at the fetting fun, on doling his eyes, 
or removing them, an image, which refembles in form the 
objed he was attending to, continues fome time to be vifible : 
this appearance in the eye we fihall call the ocular fpedrum of 
that objed. 

Thefe ocular fpedra are of four kinds: ift, Such as are 
owing to a lefs fenfibility of a defined part of the retina; or 
fpeSlra from defeSl of fenfibility. ad, Such as are owing to a 
greater fenfibility of a defined part of the retina; or fpeSlra 
from'excefs of fenfibility. 3d, Such as refemble their objed in 
its colour as well as form; which may be termed direSi ocular 
fpeSlra. 4th, Such as are of a colour contrary to that of their 
objed; which may be termed reverfe ocular fpeSlra. 

The laws of light have been mod fuccefsfully explained by 
the great Newton, and the perception of vifible objeds has been 
ably inveftigated by the ingenious Dr« Berkeley and M. Male- 
br. anche ; but thefe minute phaenomena of vifion have yet been 
thought reducible £0 no theory, though many phllofophers have 
employed a confiderable degree of attention upon them: among 
thefe are Dr. Jurin, at the end of Dr. Smith’s Optics; M. 
Vol. LXXVI. T t ^Epinus, 
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JEpiNus, in the Nov. Com. Petropol. V. io.; M. Beguelin, 
in the Berlin Memoires, V. II* 1771 ; M. dArcy, in the 
Hiftoire de l’Acad. des Scienc. 1765 ; M. de la Hire ; and, 
laftly, the celebrated M. de Buffon, in the Memoires de 
1 ’Acad. des Scien. who has termed them accidental colours, as if 
fubje&ed to no eftablifhed laws, Ac. Par. 1743. M. p* 215. 

I muft here apprize the reader, that it is very difficult for 
different people to give the fame names to various fhades of co¬ 
lours ; whence, in the following pages, fomething muft be 
allowed if, on repeating the experiments, the colours here 
mentioned fhould not accurately correfpond with his own names 
of them. 


I. ACTIVITY OF THE RETINA IN VISION. 

From the fubfequent experiments it appears, that the retina 
is in an adtive not in a paffive ftate during the exiftence of 
thefe ocular fpedtra ; and it is thence to be concluded, that all 
vifion is owing to the activity of this organ. 

1. Place a piece of red fiik, about an inchin diameter, as in 
fig. 1. (Tab. IX.) on a fheet of white paper, in a ftrong light; 
look fteadily upon it from about the diftance of half a yard for a 
minute; then clofmg your eyelids cover them with your 
hands, and a green fpe&rum will be feen in your eyes, refem- 
bling in form the piece of red filk : after fome time, this fpec- 
trum will difappear and fhortly re-appear; and this alternately 
three or four times, if the experiment is well made, till at 
length it vanishes entirely. 

2. Place on a fheet of white paper a circular piece of blue 
filk, about four inches in diameter, in the funfhine; cover 
the center of this with a circular piece of yellow filk, about 

three 
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three inches in diameter; and the center of the yellow {ilk with 
a circle of pink filk, about two inches in diameter; and the 
center of the pink filk with a circle of green filk, about one 
inch in diameter; and the center of this with a circle of in¬ 
digo, about half an inch in diameter; make a fmall fpeck with 
ink in the very center of the whole, as in fig. 2 .; look fteadily 
for a minute on this central fpot, and then clofing your eyes, 
and applying your hand at about an inch diftance before them, 
fo as to prevent too much or too little light from pafling 
through the eyelids, you will fee the moil beautiful circles of 
colours that imagination can conceive, which are moft refem- 
bled by the colours occafioned by pouring a drop or two of oil 
on a {till lake in a bright day-; but thefe circular irifes of co¬ 
lours are not only different from the colours of the filks above- 
mentioned, but are at the fame time perpetually changing as 
long as they exift. 

3. When any one in the dark prefies either corner of his 
eye with his finger, and turns his eye away from his finger, he 
will fee a circle of colours like thofe in a peacock s tail: and a 
fudden flafli of light is excited in the eye by a ftroke on it. 
(Newton’s Opt. Qu. 16.) 

4. When any one turns round rapidly on one foot, till he 
becomes dizzy and falls upon the ground, the fpeftra of the 
ambient objects continue to prefent themfelves in rotation, or 
appear to librate, and he feems to behold them for fome time 
flill in motion. 

From all thefe experiments it appears, that the fpedlra in 
the eye are not owing to the mechanical impulfe of light im- 
preffed on the retina, nor to its chemical combination with 
that organ, nor to the abforption and emifiion of light, as is 
obferved in many bodies; for in all thefe cafes the fpefifcra mull 
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either remain uniformly, or gradually diminifh; and neither 
their alternate prefence and evanefcence as in the firft experi¬ 
ment, nor the perpetual changes of their colours as in the 
fecond, nor the flafli of light or colours in the prefled eye as 
in the third, nor the rotation or libration of the fpe£tra as in 
the fourth, could exift. 

It is not abfurd to conceive, that the retina may be {Simu¬ 
lated into motion, as well as the red and white mufcles which 
form our limbs and veflels; fince it confifts of fibres, like 
thofe, intermixed with its medullary fubftance. To evince 
this ftrudture, the retina of an ox’s eye was fufpended in a 
glafs of warm water, and forcibly torn in a few places; the 
edges of thefe parts appeared jagged and hairy, and did not 
contract, and become fmooth like Ample mucus, when it is 
diftended till it breaks; which {hews that it confifts of fibres; 
and this its fibrous conftrudtion became ftill more diftindfc to the 
fight, by adding fome cauftic alkali to the water, as the ad¬ 
hering mucus was firft eroded, and the hair-like fibres remained 
floating in the veffel. Nor does the degree of tranfparcncy of 
the retina invalidate the evidence of its fibrous ftrudlure, fince' 
Leeuwenhoek has {hewn that the cryftalline humour itfelf 
confifts of fibres. (Arcana Naturae, V. r. p. 70.) 

Hence it appears, that as the mufcles have larger fibres 
intermixed with a fmaller quantity of nervous medulla, 
the organ of vifion has a greater quantity of nervous me¬ 
dulla intermixed with fmaller fibres; and it is probable, that 
the locomotive mufcles, as well as the vafcular ones, of mi- 
crofcopic animals have much greater tenuity than thefe of the 
retina. 

And befides the fimilar laws, which will be fhewn ia this 
Paper to govern alike the actions of the retina and of the 

mufcles* 
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mufcles, there are many other analogies which exift between 
them. They are both originally excited into action by irrita¬ 
tions, both a£t nearly in the fame quantity of time, are alike 
flrengthened or fr v 'gued by exertion, are alike painful if ex¬ 
cited into r.&io’i ^nen they are in an inflamed ftate, are alike 
liable to paralyf s, and to the torpor of old age. 

II. OF SPECTRA FROM LEFECT OF SENSIBILITY. 

The retina is not fo eajifa excited into aciion by lefs irritation 
after having been lately JubfSied to greater . 

1. When any one paries from the bright daylight into a 
darkened room, the irifes of his eyes expand themfelves to their 
utmoft extent in a few feconds of time; but it is very long 
before the optic neive, after having been fHmulated by the 
greater light of the day, becomes fenfible of the lefs degree of 
it in the room; and, if the room is not too obfcure, the irifes 
will again contract themfelves in feme degree, as the fenfi- 
bility of the retina returns. 

2. Place about half an inch fquare of white paper on a black 
hat, and looking fteadily on the center of it for a minute, re¬ 
move your eyes to a fheet of white paper; and after a fecond 
or two a dark fquare will be feen on the white paper, which 
will continue feme time. A fimilar dark fquare will be feen in- 
the clofed eye, if light be admitted through the eye-lids. 

So after looking at any luminous object of a fmall fize, as 
at the fun, for a fhoxt time, fb as not much to fatigue the 
eyes, this part of the retina becomes lefs fenfible to fmaller 
quantities of light; hence, when the eyes are turned on other 
lefs luminous parts of the fky, a dark fpet is feen refembling. 
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the fhape of the fun, or other luminous object which we laft 
beheld. This is the fource of one kind of the dark-coloured 
mufca vofttanies. If this dark fpot lies above the center of the 
eye, we turn our eyes that way, expecting to bring it into the 
center of the eye, that we may view it more diftin&ly; and in 
'this cafe the dark fpedrum feems to move upwards. If the 
dark fpe£trum is found beneath the center of the eye, we pur- 
fue it from the fame motive, and it feems to move downwards. 
This has given rife to various conjectures of fomething floating 
in the aqueous humours of the eyes; but whoever, in attend¬ 
ing to thefe fpots, keeps his eyes unmoved by looking fteadily 
at the corner of a cloud, at the fame time that he obferves the 
dark fpeCtra, will be thoroughly convinced, that they have no 
motion but what is given to them by the movement of ouf 
eyes in purfuit of them. Sometimes the form of the fpettrum, 
when it has been received from a circular luminous body, will 
become oblong; and fometimes it will be divided into two cir¬ 
cular fpeCfcra, which is owing to our changing the angle made 
by the two optic axifes, according to the diftance of the clouds 
or other bodies to which the fpectrum is fuppofed to be conti¬ 
guous. The apparent fize of it will alfo be variable according 
to its fuppofed diftance; but when fuch a fpe&rum is received 
with only one eye, the other being covered, its form and num¬ 
ber are invariable. 

As thefe fpeftra are more eafily obfervable when our eyes are 
a little weakened by fatigue, it has frequently happened, that 
people of delicate conftitutions have been much alarmed at 
them, fearing a beginning decay of their fight, and have 
thence fallen into the hands of ignorant oculifts; but I believe 
they never are a prelude to any other difeafe of the eye, and 
that it is from habit alone, and our want of attention to them, 
7 that 
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that we do not fee them on all objects every hour of our lives. 
But as the nerves of very weak people lofe their fenfibility, in 
the fame manner as their mufcles lofe their activity, by a fmall 
time of exertion, it frequently happens, that lick people in the 
extreme debility of fevers are perpetually employed in picking 
fomething from the bed-cloaths, occafioned by their miftaking 
the appearance of thefe mufca volitantes in their eyes. Benve¬ 
nuto Celini, an Italian artift, a man of ftrong abilities, re¬ 
lates, that having paffed the whole night on a diftant mountain 
with fome companions and a conjurer, and performed many 
ceremonies to raife the devil, bn their return in the morning to 
Rome, and looking up when the fun began to rife, they faw 
numerous devils run on the tops of the houfes, as they palled 
along; fo much were the fpedtra of their weakened eyes mag¬ 
nified by fear, and made fubfervient to the purpofes of fraud 
or fuperftition. (Life of Ben. Celini.) 

3. Place a fquare inch of white paper on a large piece of 
ftraw-coloured filk; look fteadily fome time on the white 
paper, and then move the center of your eyes on the filk, and 
a fpe&rum of the form of the paper will appear on the filk, 
of a deeper yellow than the other part of it: for the central 
part of the retina, having been fome time expofed to the ftimu- 
lus of a greater quantity of white light, is become lefs lenfible 
to a fmaller quantity of it, and therefore fees only the yellow 
rays in that part of the ft raw-coloured filk. 

Fafts fimilar to thefe are obfervable in other parts of our 
fyftem: thus, if one hand be made warm, and the other ex¬ 
pofed to the cold, and then both of them immerfed in fubtepid 
water, the water is perceived warm to one hand, and cold fo 
the other; and we are not able to hear weak founds for fome 

time after we have been expofed to loud ones; and we feel a 

chillinefs 
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chilfinefs oa coming into an atmofphere of temperate warmth, 
after having been fome time confined in a very warm room: 
and hence the ftomach, and other organs of digeftion, of 
thofe who have been habituated to the greater ftimuius of fpi- 
rituous liquor, are not excited into their due adion by the lefs 
ftimuius of common food alone; of which the immediate con¬ 
ference is indigeftion and hypochondriacifm. 


III. OF SPECTRA FROM EXCESS OF SENSIBILITY. 

The retina is more eafily excited into aftion by greater irritation 
•after having been lately JubjeBed to lefs, 

1. If the eyes are clofed, and covered perfectly with a hat, 
for a minute or two, in a bright day; on removing the hat a 
red or crimfon light is feen through the eye-lids. In this ex¬ 
periment the retina, after being fome time kept in the dark, 
becomes fo fenfible to a fmall quantity of light, as to perceive 
diftin&ly the greater quantity of red rays than of others which 
pafs through the eye-lids. A fimilar coloured light is feen to 
pafs through the edges of the fingers, when the open hand is 
oppofed to the flame of a candle. 

2. If you look for fome minutes fteadily on a window in 
the beginning of the evening twilight, or in a dark day, and 
then move your eyes a little, fo that thofe parts of the retina, 
on which the dark frame-work of the window was delineated, 
may now fall on the glafs part of it, many luminous lines, 
reprefenting the frame-work, will appear to lie acrofs the glafs 
panes: for thofe parts of the retina, which were before leaft 
Simulated by the dark frame-work, are now more fenfible to 

light 
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light than the other parts of the retina which were expofed to 
the more luminous parts of the window. 

3. Make with ink on white paper a very black fpot, about 
half an inch in diameter, with a tail about an inch in length, 
fo as to reprefent a tadpole ; look fteadily for a minute on this 
fpot, and, on moving the eye a little, the figure of the tadpole 
will he feen on the white part of the paper, which figure of 
the tadpole will appear whiter or more luminous than the other 
parts of the white paper; for the part of the retina on which 
the tadpole was delineated, is now more fenfible to light than 
the other parts of it, which were expofed to the white paper. 
This experiment is mentioned by Dr. Irwin, but is not by 
him afcribed to the true caufe, namely, the greater fenfibility 
of that part of the retina which has been expofed to the black 
fpot, than of the other parts which had received the white 
field of paper, which is put beyond a doubt by the next expe¬ 
riment. 

4. On elofing the eyes after viewing the black fpot on the 
white paper, as in the foregoing experiment, a red fpot is feen 
of the form of the black fpot: for that part of the retina, on 
which the black fpot was delineated, being now more fenfible 
to light than the other parts of it, which were expofed to the 
white paper, is capable of perceiving the red rays which pene¬ 
trate the eyelids. If this experiment be made by the light of 
a tallow candle, the fpot will be yellow inftead of red; for 
tallow candles abound much with yellow light, which pafles 
in greater quantity and force through the eyelids than blue 
light; hence the difficulty of diftinguifhing blue and green by 
this kind of candle light. The colour of the fpectrum may 
poffibly vary in the day light, according to the different colour 
of the meridian or the morning or evening light* 

Vql. LXXVI. Uu M. Be- 
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M. Beguelin, in the Berlin Memoires, V. II. 177 1 » ohlerves, 
that, when he held a book fo that the fun fhone upon his 
half-clofed eyelids, the black letters, which he had long in- 
fpe&ed, became red, which muft have been thus occafioned. 
Thofe parts of the retina which had received for fome time 
the black letters, were lo much more fenfible than thofe parts 
which had been oppofed to the white paper, that to the former 
the red light, which paffed through the eyelids, was percepti¬ 
ble. There is a fimilar ftory told, I think, in M. de Voltaire’s 
Hiftorical Works, of a Duke of Tufcany, who was playing 
at dice with the general of a foreign army, and, believing he 
faw bloody fpots upon the dice, portended dreadful events, and 
retired in confufion. The obferver, after .looking for a minute 
on the black fpots of a die, and careleflly doling his eyes, on 
a bright day, would fee the image of a die with red fpots upon 
it, as above explained. 

5. On emerging from a dark cavern, where we have long 
continued, the light of a bright day becomes intolerable to the 
eye for a confiderable time, owing to the excefs of fenfibility 
exifting in the eye, after having been long expofed to little or 
no ftimulus. This occafions us immediately to contract the 
iris to its fmalleft aperture, which becomes again gradually 
dilated, as the retina becomes accuftomed to the greater ftimulus 
bf the daylight. 

The twinkling of a bright ftar, or of a diftant candle in the 
night, is perhaps owing to the fame caufe. While we con¬ 
tinue to look upon thefe luminous objects, their central parts 
gradually appear paler, owing to the decreafing fenfibility of 
the part of the retina expofed to their light; whilft, at the 
fame time, by the unfteadinefs of the eye, the edges of them 
are perpetually falling on parts of the retina that were juft 

before 
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before expofed to the darknefs of the night, and therefore ten¬ 
fold more fenfible to light than the part on which the ftar or 
candle had been for fome time delineated. This pains the eye 
in a fimilar manner as when we come fuddenly from a dark 
room into bright daylight, and gives the appearance of bright 
fcintillations. Hence the fears twinkle moft when the night is 
darkeft, and do not twinkle through telefcopes, as obferved by 
Musschenbroeck ; and it will afterwards be feen why this 
twinkling is fometimes of different colours when the objedl is 
very bright, as Mr. Melvill obferved in looking at Sirius. 
For the opinions of others on this fubjedt, lee Dr. Priestley s 
valuable Hiftory of Light and Colours, p. 494. 

Many fadts obfervable in the animal fyftem are fimilar to 
thefe; as the hot glow occafioned by the ufual warmth of the 
air, or our cloaths, on coming out of a cold bath; the pain of 
the fingers on approaching the fire after having handled fnow; 
and the inflamed heels from walking in fnow. Hence thofe 
who have been expofed to much cold have died on being 
brought to a fire, or their limbs have become fo much in¬ 
flamed as to mortify. Hence much food or wine given fud¬ 
denly to thofe who have almofe perilhed by hunger has de- 
ftroyed them; for all the organs of the famifhed body are now 
become lb much more irritable to the feimulus of food and 
wine, which they have long been deprived of, that inflamma¬ 
tion is excited, which terminates in gangrene or fever. 
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IV. OF DIRECT OCliLAR SPECTRA# 

A quantity of fimulus fomewhat greater than natural excites 
the retina into fpafmdic action, which ceafes in afewfeconds. 

A certain duration and energy of the flimulus of light and 
colours excites the perfed adion of the retina in vifion ; for 
very quick motions are imperceptible to us, as well as very 
flow ones, as the whirling of a top, or the fhadow on a fun- 
dial. So perfed darknefs does not affed the eye at all; and 
excefs of light produces pain, not vifion. 

1. When a fire-coal is ‘whirled round in the dark, a lucid 
circle remains a confiderable time in the eye ; and that with lo 
much vivacity of light, that it is miftaken for a continuance of 
the irritation of the objed. In the fame manner, when a 
fiery meteor flioots acrofs the night, it appears to leave a long 
lucid train behind it, part of which, and perhaps fometimes 
the whole, is owing to the continuance of the adion of the retina 
after having been thus vividly excited. This is beautifully 
illuftrated by the following experiment: fix a .paper fail, three 
or four inches in diameter, and made like that of a fmoke jack, 
in a tube of pafteboard; on looking through the tube at a 
diflant profped, fome disjointed parts of it will be feen 
through the narrow intervals between the fails ; but as the fly 
begins to revolve, thele intervals appear larger; and when it 
revolves quicker, the whole profped is feen quite as diftind: 
as if nothing intervened, though lefs luminous. 

2. Look through a dark tube, about half a yard long, at 
the area of a yellow circle of half an inch diameter, lying 
Upon a blue area of double that diameter, for half a minute; 

1 and 
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and on doling your eyes the colours of the fpe&rum will appear 
fimilar to the two areas, as in fig. 3.; but if the eye is kept 
too long upon them, the colours of the fpedtrum will be the 
reverie of thole upon the paper, that is, the internal circle 
will become blue, and the external area yellow; hence fome 
attention is-required in making this experiment. 

3. Place the bright flame of a fpermaceti candle before a 
black object in the night; look lleadily at it for a Ihort time, 
till it is obferved to become fomewhat paler; and on doling 
the eyes, and covering them carefully, but not fo as to comprels 
them, the image of the blazing candle will continue diltindtly 
to be vifible. 

4, Look lleadily, for a fliort time, at a window in a dark 
day, as in Exp. 2. S. hi. and then doling your eyes, and 
covering them v^ith your hands, an exact delineation of the 
w-indow remains for fome time vifible in-the eye.- This expe- - 
riment requires a little practice to make it fucceed well; fince, 
if the eyes are fatigued by looking too long on the window, or 
the day be too bright, the luminous parts of the window will 
appear dark in the fpedtrum, and the - dark parts of the frame¬ 
work will; appear luminous, as in Exp. 2. S. in* ■ And it is - 
even difficult for many, who firft try this experiment, to per¬ 
ceive the fpedrum at all; for any hurry of mind, or even too ■ 
great attention to the fpeftrum itfelf, will difappoint them, till 
they have had a little experience in attending to fuch fmall. 
fenfations.. 

The fpeftra defcribed in this fedion, termed direft ocular 
-fpedtra, are produced without much fatigue of the eye; the 
irritation of the luminous objefi beiug foon withdrawn, or its 
‘quantity of light being not fo great as to produce any degree of 

' ucealiuefs in the organ of vifion; which diltinguilhes - them 

from • 
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from the next clafs of ocular fpe£tra, which are the confe¬ 
rence of fatigue. Thefe dire& fpe&ra are beft obferved in 
fuch circumftances that no light, but what comes from the 
object, can fall upon the eye j as in looking through a tube, 
of half a yard long, and an inch wide, at a yellow paper on 
the fide of a room, the dire& fpe&rum was eafily produced on 
doling the eye without taking it from the tube: but if the 
lateral light is admitted through the eye-lids, or by throwing 
the fpe&rum on white paper, it becomes a reverfe fpedrum, 
as will be explained below. 

The other fenfes alfo retain for a time the impreffions that 
have been made upon them, or the a&ions they have been ex¬ 
cited into. So if a hard body is prefied upon the palm of the 
hand, as is pra&ifed in tricks of legerdemain, it is not eafy to 
diftinguifti for a few feconds whether it remains or is removed; 
and tallies continue long to exift vividly in the mouth, as the 
fmoke of tobacco, or the tafte of gentian, after the fapid 
material is withdrawn. 


v. A quantity of JHmulus fomcwhat greater than the laft men¬ 
tioned excites the retina into fpafmodic aStion , which ceafes and 
recurs alternately. 

i. On looking for a time on the letting fun, lb as not 
greatly to fatigue the fight, a yellow fpe&rum is feen when 
the eyes are clofed and covered, which continues for a time, 
and then difappears, and recurs repeatedly before it intirely 
vanilhes. This yellow fpe&rum of the fun when the eye¬ 
lids are opened becomes blue; and if it is made to fall on the 
green grafs, or on other coloured obje&s, it varies its own 

colour 



ocular Spectra of Light and Colours . 327 

colour by an intermixture of theirs, as will be explained in 
another place. 

2. Place a lighted fpermaceti candle in the night about one 
foot from your eye, and look fteadily on the center of the 
flame, till your eye becomes much more fatigued than in S. IV. 
Exp. 3.; and on clofmg your eyes a reddifh fpe&rum will be 
perceived, which will ceafe and return alternately. 

The a&ion of vomiting in like manner ceafes, and is 
renewed by intervals, although the emetic drug is thrown up 
with the firft effort: fo after-pains continue fome time after 
parturition; and the alternate pulfations of the heart of a viper 
are renewed for fome time after it is cleared from its blood* 

VI. OF REVERSE OCULAR SPECTRA. 

The retina after having been excited into aSiion hy a flimulus 
fomewhat greater than the laji mentioned falls into oppojite 
fpafmodic aSiion . 

The a&ions of every part of animal bodies may be advan- 
tageoufly compared with each other. This ftrift analogy con¬ 
tributes much to the inveftigation of truth; while thofe loofer 
analogies, which compare the phasnomena of animal life with 
thofe of chemiftry or mechanics, only ferve to miflead our 
inquiries. 

When any of our larger mufcles have been in long or in 
violent action, and their antagonifts have been at the fame 
time extended, as fbon as the a&ion of the former ceafes, the 
limb is ftretched the contrary way for our eafe, and a pandicu¬ 
lation or yawning takes place. 

7 
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By the following obfervations it appears, that a fimilar cif* 
cumftance obtains in the organ of vifion ; after it has been 
fatigued by one kind of adion, it fpontaneoufly falls into the 
oppofite kind. 

i. Place a piece of coloured filk, about an inch in diameter, 
on a {heet of white paper, about half a yard from your eyes; 
Jook fleadily upon it for a minute; then remove your eyes 
upon another part of the white paper, and a fpedtrum will be 
ieen of the form of the filk thus infpeded, but of a colour 
oppofite to it. A fpedrum nearly fimilar will appear if the 
eyes are clofed, and the eyelids {haded by approaching the 
hand near them, fo as to permit fome but to prevent too 
much light falling on them. 

Red filk produced a green fpedrum. 

'Green produced a red one. 

Orange produced blue. 

Blue produced orange. 

Yellow produced violet. 

Violet produced yellow. 

That in thefe experiments the colours of the fpe&ra are the 
reverfe of the colours which occafioned them, may be feen 
by examining the third figure in Sir Isaac Newton’s Optics, 
L. II. p. i. where thofe thin laminae of air, which reflected 
yellow, tranfmitted violet; thofe which refle&ed red, tranf- 
mitted a blue-green; and fo of the reft, agreeing with the 
•experiments above related. 

a. Thefe reverfe fpectra are fimilar to a colour, formed by a 
•combination of all the primary colours except that with which 
the eye has been fatigued in making the experiment: thus the 
reverfe fpe&rum of red muft be fuch a green as would be pro¬ 
duced by a combination of all the other prifmatic colours. 

To 
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To evince this fad the following fatisfadory experiment was 
made. The prifmatic colours were laid on a circular pafleboard 
wheel, about four inches in diameter, in the proportions de- 
fcribed in Dr. Priestley’s Hiftory of Light and Colours, 
pi. 12. fig. S3, except that the red compartment was intirely 
left out, and the others proportionably extended fo as to com¬ 
plete the circle. Then, as the orange is a mixture of red and 
yellow, and as the violet is a mixture of red and indigo, it be¬ 
came neceflary to*put yellow on the wheel inftead of orange, and 
indigo inftead of violet, that the experiment might more 
exadly quadrate with the theory it was defigned to eftablilh or 
confute ; becaufe in gaining a green fpedrum from a red cb- 
jed, the eye is fuppofed to have become infenfible to red light. 
This wheel, by means of an axis, was made to whirl like a 
top; and on its being put in motion, a green colour was pro¬ 
duced, correfponding with great exadnefs to the reverfe fpec- 
trum of red. 

3. In contemplating any one of thefe reverfe fpedra in the 
clofed and covered eye, it difappears and re-appears feveral times 
fucceffively, till at length it intirely vanishes, like the dired 
fpedra in fed. v.; but with this additional circumftance, that 
■when the fpedrum becomes faint or evanefcent, it is inftantly 
revived by removing the hand from before the eyelids, fo as to 
admit more light: becaufe then not only the fatigued part of 
the retina is inclined fpontaneoufly to fall into motions of a 
contrary diredion, but being ftill fenfible to all other rays of 
light, except that with which it was lately fatigued, is by 
thefe rays at the fame time ftimulated into thofe motions 
which form the reverfe fpedrum. 

From thefe experiments there is reafon to conclude, that the 
fatigued part of the retina throws itfelf into a contrary mode 
Vol. LXXVL X x of 
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of a&ion, like ofeitation or pandiculation, as foon as the ftimu* 
lus.which has fatigued it is withdrawn ; and that it hill re¬ 
gains fenfible, that is, liable to be excited into aftion by any 
other colours at the fame time, except the colour with which 
it has been fatigued. 


vii. ’The retina after having been excited into a Cl ion by a Jlimulus 
fomewhat greater than the laji mentioned falls into various 
fucceflve fpafnodic aclions. 

i. On looking at the meridian fun as long as the eyes can 
well bear its brightnefs, the dife firft becomes pale, with a lumi¬ 
nous crefcent, which feems to librate from one edge of it to 
the other, owing to the unfteadinefs of the eye; then the 
whole phafis of the fun becomes blue, furrounded with a white 
halo; and on clofmg the eyes, and covering them with the 
hands, a yellow fpe&rum is feen, which in a little time 
changes into a blue one. 

M. de la Hire obferved, after looking at the bright fun, 
that theimpreffion in his eye firft affirmed a yellow appearance* 
aud then green, and then blue; and wilhes to aferibe thefe 
appearances to fome affection of the nerves. (Porterfield on 
the Eye, Vol. I. p. 343*) 

2. After looking fteadily on about an inch fquare of pink 
fills, placed on white paper, in a bright funfhine, at the difr 
tance eff a foot from, my eyes, and doling and covering my 
eyelids* the fpe£h-un| of the filk was at firft a dark green, and 
the fpe&rum of the white .paper became of a pink. The 
fpe&ra then both difappeared; and then the internal fpe&rum 
was blue; and then, after a fecond difappearance, became yellow?, 
» _ 1 and 



ocular SpeBra of Light and Colours j 331 

■and laftly pink, whilft the fpeftrum of the field varied into red 
and green. 

Thefe fuccefiions of different coloured fpcctra were not 
exactly the fame in the different experiments, though obferved, 
as near as could be, with the fame quantity of light, and 
other fimilar circumftances; owing, I fnppofe, to trying too 
many experiments at a time; fo that the eye was not quite 
free from the fpectra of the colours which were previously 
attended to. 

The alternate exertions of the retina in the preceding fc&ion 
refembled the ofcitation or pandiculation of the mufcles, as 
they were performed in directions contrary to each other, and 
were the confequence of fatigue rather than of pain. And 
in this they differ from the fucceffive diffimilar exertions of 
the retina, mentioned in this fedtion, which refemble in mi¬ 
niature the more violent agitations of the limbs In convulfive 
difeafes, as epilepfy, chorea S. Viti, and opifthotonos; all 
which difeafes are perhaps, at firft, the confequence of pain, 
and have their periods afterwards eftablifhed by habit. 


viii. The retina , after having been excited into aSiion by afiimulus 
fomewhat greater than the laf mentioned, falls into a fixed 
fpafimodic aElhn, which continues for fame days. 

1. After having looked long at the meridian fun, in making 
fome of the preceding experiments, till the difcs faded into a 
pale blue, I frequently obferved a bright blue fpedrum of the 
fun on other obje&s all the next and the fucceeding day, which 
conftantly occurred when I attended to it, and frequently when 
I did not previoufly attend to it. When I clofed and covered 

Xxs ' my 
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my eyes, this appeared of a dull yellow; and at other times 
mixed with the colours of other objects on which it was 
thrown. It may be imagined, that this part of the retina was 
become infenfible to white light, and thence a bluifh fpeitrum 
became vifible on all luminous objects; but as a yellowifh Ipec- 
trum was alio feen in the clofed and covered eye, there can 
remain no doubt of this being the fpe&rum of the fun. A 
iimilar appearance was obferved by M. ^Epinus, which he 
acknowledges he could give no account of. (Nov. Com. Petrop. 
V. io, p. 2. and 6.) 

The locked jaw, and fome cataleptic fpafms, are refembled 
by this phaenomenon; and from hence we may learn the dan¬ 
ger to the eye by infpe&ing very luminous objects too long 3 
time. 

ix. A quantity of fimulus greater than the preceding induces a 

temporary paralyfis of the organ of , vifon. 

1. ‘ Place a circular piece of bright red filk, about half an 
inch in diameter, on the middle of a fheet of white paper; 
lay them on the floor in a bright funfhine, .and fixing your 
eyes fteadily on the center of the red circle, for three or four 
minutes, at the diftance of four or fix feet from the objeit, the 
red filk will gradually become paler, and finally ceafe to appear 
red af all. 

2 . Similar to thefe are many other animal fails; as purges, 
opiates, and even poifons, and contagious matter, ceafe to 
Simulate our fyftem, after we have been,habituated to their 
ufe. So fbme people fleep undifturbed by a clock, or even by 
a forge hammer in their neighbourhood: and not only conti¬ 
nued irritations, but violent exertions of any kind, ate fucceeded 

by 
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by temporary paralyfis. The arm drops down after violent 
action, and continues for a time ufelefs; and it is probable, 
that thofe who have perilhed fuddenly is i'wimming, or in 
fcating on the ice, have owed their deaths to the paralyfis, or 
extreme fatigue, which fucceeds every violent and continued 
exertion. 


X. MISCELLANEOUS REMARKS. 

There were fome circumftances occurred in making thefe 
experiments, which were liable to alter the refults of them, 
and which I fhall here mention for the affiftance of others, who 
may wifh to repeat them. 

I. Of dircSt and inverfe fpetfra exifing at the fame time ; of 
reciprocal dtreSl fpectra ; of a combination of direSl and inverfe 
JpeSlra ; of a JpeStral halo ; rules to pre-determine the colours of 
fpedtra . 

a. When an area, about fix inches fquare, of bright pink 
Indian paper, had been viewed on an area, about a foot fquare, 
of white writing paper, the internal fpedtrum in the clofed eye 
was green, being the reverfe fpectrumof the pink paper; and 
the external fpedtrum was pink, being the diredfc fpe&rum of the 
pink paper. The fame circumflance happened when the in* 
ternal area was white, and external one pink; that is, the 
internal fpe&rom was pink, and the external one green* AIL 
the fame appearances occurred when the pink paper was laid 
on a black hat, 

h. When fix inches fquare of deep violet polifhed paper was 

viewed on a foot fquare of white writing paper, the internal 

fpeflrum 
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fpearum was yellow, being the reverie fpearum of the violet 
paper, and the external one was violet, being the direa fpec- 
trum of the violet paper. 

c. When fix inches fquare of pink paper was viewed on a foot 
fquare of blue paper, the internal fpeftrum was blue, and the 
external fpearum was pink; that is, the internal one was the 
direa fpearum of the external objea, and the external one was 
the direa fpearum of the internal objea, infteadof their being 
each the reverfe fpearum of the objeas they belonged to. 

d. When fix inches fquare of blue paper were viewed on a 
foot fquare of yellow paper, the interior fpearum became a 
brilliant yellow, and the exterior one a brilliant blue. The • 
vivacity of the fpeara was owing to their being excited both by 
the ftimulus of the interior and exterior objeas; fo that the 
interior yellow fpearum was both the reverfe fpearum of the 
blue paper, and the direa one of the yellow paper; and the 
exterior blue fpearum was both the reverfe fpearum of the 
yellow paper, and the direa one of the blue paper. 

e. When the internal area was only a fquare half-inch 'of 
red paper, laid on a fquare foot of dark violet paper, the in¬ 
ternal fpearum was green, with a reddifh-blue halo. When 
the red internal paper was two inches fquare, the internal 
fpearum was a deeper green, and the external one tedder. 
When the internal paper was fix inches fquare, the fpearum 
of it became blue, and the fpearum of the external paper was 
red. 

f. When a fquare half-inch of blue paper was laid on a fix- 
inch fquare of yellow paper, the fpearum of the central paper 
in the clofed eye was yellow, inctrcled with a blue halo. On 
looking long on the meridian fun, the dife fades into a pale blue 
furrounded with a whitifli halo. 
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Thefe circumftances, though they very much perplexed the 
experiments till they were iuveftigated, admit of a fatisfaclory 
explanation ; for while the rays from the bright internal ob¬ 
ject in exp. a. fall «ith their full force on the center of the 
retina, and, by fatiguing that part of it, induce the reverfe 
fpettrum, many mattered raySj from the fame internal pink 
paper, fall on the more external parts of the retina, but not in 
fuch quantity as to occafon much fatigue, and hence induce 
the direct fpecuum of the pink colour in thofe parts of the 
eye. The fame reverfe and direct ipectra occur from the violet 
paper in exp b : and in exp. c. the fcattered rays from the 
central pink paper produce a diredt fpedtrum of this colour on 
the external parts of the eye, while the fcattered rays from 
the external blue paper produce a direct fpedtrum of that colour 
on the central part of the eye, inftead of theie parts of the 
retina falling reciprocally into their reverfe fpedtra. In exp. d. 
the colours being the reverfe of each other, the fcattered rays 
from the exterior object falling on the central parts of the eye, 
and there exciting their diredt fpedtrum, at the fame time that 
the retina was excited into a reverfe fpedtrum by the central 


objedt, and this direct and reverfe fpearum being of fimilar 
colour, the fuperior brilliancy of this fpearum was produced. 
In exp. e. the effea of various quantities of ftimulus on the 
retina, from the different refpeaive fizes of the internal and 
external areas, induced a fpearum of the internal area in the 
center of the eye, combined of the reverfe fpearum of that in¬ 
ternal area and the direa one of the external area, in various 
{hades of colour, from a pale green to a deep blue, with fimi¬ 
lar changes in the fpearum of the external area. For the fame 
reafons, when an internal bright objea was fmall, as in exp./ 

inftead of the whole of the fpedrum of the external objea 

being 
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being reverfe to the colour of the internal objed, only a kind 
<jf halo, or radiation of colour, fimilar to that of the internal 
objed, was fpread a little way on the external fpedi urn. For 
this internal blue area being fo fmall, the fcattered rays fi om it 
extended but a little way on the image of the external area of 
yellow paper, and could therefore produce only a blue halo 
round the yellow fpedrum in the center. 

If any one ihould fufped that the fcattered rays from the 
exterior coloured object do not intermix with the rays from the 
interior coloured objed, and thus affed the central part of the 
eye, let him look through an opake tube, about two feet in 
length, and an inch in diameter, at a coloured wall ef a room 
with one eye, and with the other eye naked; and he will find, 
that by Shutting out the lateral light, the area of the wall fecn 
through a tube appears as if illuminated by the funfhine, com¬ 
pared with the other parts of it; from whence arifes the advan¬ 
tage of looking through a dark tube at diftant paintings. 

Hence we may fafely deduce the following rules to determine 
before-hand the-colours of all fpedra. i. The direSf JpeBrum 
without any lateral light is an evanefeent reprefentation of its 
objed in the unfatigued eye. 2. With fome lateral light it 
becomes of a colour combined of the dired ipedrum of the 
central objed, and of the circumjacent objeds, in proportion 
to their refpedive quantity and brilliancy. 3. The reverfe 
JpeSirum without lateral light is a reprefentation in the fatigued 
eye of the form of its objeds, with fuch a colour as would 
be produced by all the primary colours, except that of the ob¬ 
jed. 4. With lateral light the colour is compounded of the 
reverfe fpedrum of the central objed, and the dired fpedrum 
of the circumjacent objeds, in proportion to their refpedive 
quantity and brilliancy. 
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n. Variation and vivacity of the Jpeftra occafoned by extraneous 

light. 

The reverfe fpedrum, as has been before explained, is limi- 
lar to a colour, formed by a combination of all the primary 
colours, except that with which the eye has been fatigued in 
making the experiment: fo the reverfe fpedrum of red is fuck 
a green as would be produced by a combination of all the other 
prifmatic colours. Now it mud be obferved, that this reverie 
fpedrum of red is therefore the dire# fpedrum of a combina¬ 
tion of all the other prifmatic colours, except the red; whence, 
on removing the eye from a piece of red filk to a fheet of 
white paper, the green fpedrum, which is perceived, may 
either be called the reverie fpedrum of the red filk, or the 
dired fpedrum of all the rays from the white paper, except 
the red ; for in truth it is both. Hence we fee the reafon why 
it is not eafy to gain a dired fpedrum of any coloured objed 
in the day-time, where there is much lateral light, except of 
very bright objeds, as of the letting fun, or by looking 
through an opake tube; becaufe the lateral external light 
falling alfo on the central part of the retina, contributes to 
induce the reverie fpedrum, which is at the fame time the 
dired fptdrum of that lateral light, ded uding only the colour 
of the central objed which we have been viewing. And for the 
fame reafon, it is difficult to gain the reverfe fpedrum, where 
there is no lateral light to contribute to its formation. Thus, 
in looking through an opake tube on a yellow Wall, and doling 
my eye, without admitting any lateral light, the fpedra were 
all at firft yeUow; but at length changed into blue. And on. 
looking in the fame manner on red paper, I did at length get a 
Vol. LXXVI. Y y S reca 
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green fpearum; but they were all at firft red ones: and the 

fame after looking at a candle in the night. 

The reverfe fpearum was formed with greater facility when 
the eye was thrown from the objea on a fheet of white paper, 
or when light was admitted through the clofed eyelids; be- 
caufe not only the fatigued part of the retina was inclined 
fpontaneoufly to fall into motions of a contrary direaion ; but 
being ftill fenfible to all other rays of light except that with 
which it was lately fatigued, was by thefe rays flimulated at 
the fame time into thofe motions which form the reverfe fpec- 
trum. Hence, when the reverfe fpearum of any colour be¬ 
came faint, it was wonderfully revived by admitting more light 
through the eyelids, by removing the hand from before them : 
and hence, on covering the clofed eyelids, the fpearum would 
often ceafe for a time, till the retina became fenfible to the 
ftimulus of the fmaller quantity of light, and then it recurred. 
Nor was the fpearum only changed in vivacity, or in degree, 
by this admiflion of light through the eyelids > but it fre¬ 
quently happened, after having viewed bright objeas, that the 
fpearum in the clofed and covered eye was changed into a third 
fpearum, when light was admitted through the eyelids: 
which third fpearum was compofed of fuch colours as could 
pafs through the eyelids, except thofe of the objea. Thus, 
when an area of half an inch diameter of pink paper was 
viewed on a fheet of white paper in the funfhine, the fpearum 
with clofed and covered eyes was green; but on removing the 
hands from before the clofed eyelids, the fpearum became 
yellow, and returned inftantly again to green, as often as the 
hands were applied to cover the eyelids, or removed from 
them: for the retina being now infenfible to red light, the 
yellow rays palling through the eyelids in greater quantity 
than the other colours, induced a yellow fpearum; whereas if 

the 
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the fpedtrum was thrown on white paper, with the eyes open, it 
became only a lighter green. 

Though a certain quantity of light facilitates the formation 
of the reverfe fpedhum, a greater quantity prevents its forma¬ 
tion, as the more powerful ftimulus excites even the iutigued 
parts of the eye into adtion; otherwife we fhould fee the 
fpedtrum of the laft viewed objeft as often as we turn our 
eyes. Hence the reverfe fpedtia are belt feen by gradually ap¬ 
proaching the hand near the clofed eyelids to a certain diftancc 
only, which muft be varied with the brightnefs of the day, or 
the energy of the fpedtrum. Add to this, that all dark fpedtra, 
as black, blue, or green, if light be admitted through the eye¬ 
lids, after they have been fome time covered, give reddifh 
fpedtra, for the reafons given in fed!. 111. exp. 1. 

From thefe circumftances of the extraneous light coinciding 
with the fpontaneous efforts of the fatigued retina to produce a 
reverfe fpedtrum, as was obferved before, it is not eafy to gain 
a diredt fpedtrum, except of objedts brighter than the ambient 
light; fuch as a candle in the night, thefetting fun, or view¬ 
ing a bright objedt through an opake tube; and then the reverfe 
fpedtrum is inftantaneoufly produced by the admiflion of fome 
external light; and is as inftantly converted again to the diredt 
fpedtrum by the exclusion of it. Thus, on looking at the fet- 
ting fun, on clofing the eyes, and covering them, a yellow 
fpedtrum is feen, which is the diredt fpedtrum of the letting 
fun; but on opening the eyes on the fky, the yellow 
fpedtrum is immediately changed into a blue one, which 
is the reverfe fpedtrum of the yellow fun, or the diredt fpeo 
trum of the blue fky, or a combination of both. And this 
is again transformed into a yellow one on clofing the eyes, 
and fo reciprocally, as quick as the motions of the opening 
and clofing eyelids. Hence, when Mr. Melvill obferved 
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the fcintiUations of the ftar Sirius to be lometimes coloured, 
thefe were probably the dired fpedrum of the blue iky on the 
parts of the retina fatigued by the white light of the ftar. 
(Effays Phylical and Literary, p. 8i« V. 2.) 

When a dired fpedrum is thrown on colours darker than 
itfelf, it mixes with them; as the yellow fpedrum of the 
fetting fun, thrown on the green grafs, becomes a greener 
yellow. But when a dired fpedrum is thrown on colours 
brighter than itfelf, it becomes inlkntly changed into the 
reverfe fpedrum, which mixes with thofe brighter co¬ 
lours. So the yellow fpedrum of the fetting fun thrown on 
the luminous Iky becomes blue, and changes with the colour 
or brightnefs of the clouds on which it appears. But the re¬ 
verfe fpedrum mixes with every kind of colour on which it is 
thrown, whether brighter than itfelf or not: thus the reverfe 
fpedrum, obtained by viewing a piece of yellow lilk, when 
thrown on white paper was a lucid blue green; when thrown 
on black Turkey leather becomes a deep violet. And the fpec- 
trum of blue lilk, thrown on white paper, was a light yel¬ 
low J on black lilk was an obfcure orange ; and the blue fpec- 
truna, obtained from orange-coloured lilk, thrown on yellow, 
became a green. 

In thefe cafes the retina is thrown into activity or lenfation 
by the Him ulus of external colours, at the fame time that it 
continues the adivity or fenfation which forms the fpedra ; in 
the fame manner as the prifmatic colours, painted on a whirl¬ 
ing top, are feen to mix together. When thefe colours of ex¬ 
ternal objects are brighter than the dired fpedrum which is 
thrown upon them, they change it into the reverfe fpedrum, 
like the admiflion of external light on a dired fpedrum, as 
explained above. When they are darker than the dired fpec- 

trma 
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trum, they mix with it, their weaker ftimulus being fofuffi- 
cient to induce the reverfe fpedtrum. 


hi . Variation of fpeftra in refpeft to number and figure and 

remijfion. 

When we look long and attentively at any objedt, the eye 
cannot always be kept intirely motionlefs; hence, on infpedb- 
ing a circular area of red filk placed on white paper, a lucid 
crefcent or edge is feen to librate on one fide or other of the red 
cirple : for the exterior parts of the retina fometimes falling on 
the jedge of the central filk, and fometimes on the white paper, 
are lefs fatigued with red light than the central part of the re¬ 
tina, which is conftantly expofed to it; and therefore, when 
they fall on the edge of the red filk, they perceive it more 
vividly. Afterwards, when the eye becomes fatigued, a green 
fpedtrum in the form of a crefcent is feen to librate on one fide 
or other of the central circle, as by the unfteadinefs of the 
eye a part of the fatigued retina falls on the white paper; and 
as by the increafing fatigue of the eye the central part of the 
filk appears paler, the edge on which the unfatigued part of 
the retina occafionally falls will appear of a deeper red than 
the original filk, becaufe it is compared with the pale internal 
part of it. M. de Bvffon in making this experiment obferyed, 
that the red edge of the filk was not only deeper coloured than 
the original filk; but, on his retreating a little from it, it be¬ 
came oblong, and at length divided into two, which muft have 
heen owing to a change of the angle of the two optic axifes 
with the new diftance he obferved it at. Thus, if a pen is 
held up before a diftant candle, when we look intenfejy at the 
pen two candles are feen behind it 5 when we look intqpfely at 
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the candle two pens are Teen. If the fight bs utifleady at the 
time of beholding the fun, even though one eye only be ufed, 
many images of the fun will appear, or luminous lines, when the 
eye isclofed. And as fome parts of thefe will be more vivid than 
others, and fome parts of them will be produced nearer the 
center of the eye than others, thefe will difippear fooner than 
the others; and hence the number and fhape of thefe fpedlra 
of the fun will continually vary, as long as they exift. The 
caufe of fbme being more vivid than others, is the unfteadinels 
of the eye of the beholder, fo that fome parts of the retina 
have been longer expofed to the funbeams. That fome parts 
of a complicated fpe&rum fade and return before other parts of 
it, the following experiment evinces. Draw three concentric 
circles; the external one an inch and a half in diameter, the 
middle one an inch, and the internal one half an inch; colour 
the external and internal areas blue, and the remaining one 
yellow, as in fig. 4.; after having looked about a minute on 
the center of thefe'circles, in a bright light, the fpedtrum of 
the external area appears firft in the clofed eye, then the middle 
area, and laftly the central one; and then the central one dif- 
appfears, had the others-in inverted order. If concentric circles 
Of more colours are added, it produces the beautiful ever chang¬ 
ing fpe&rum in fedh I. exp. 2. 

From hence it would feem, that the center of the eye pro¬ 
duces quicker remiffions of fpe&ra, owing perhaps to its 
greater fenfibility; that is, to its more energetic exertions. 
Thefe remiffions of fpe&ra bear fome analogy to the tremors 
of the hands, and palpitations of the heart, of weak people; 
and perhaps a criterion of the ftrength of any mufcle or nerve 
may be taken from the time it can be continued in exertion. 
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iv. Variation of fpedlra in refpeSl to brilliancy ; the vifibility of the 
circulation of the blood in the eye.. 

1. The meridian or evening light makes a difference in the 
colours of fome fpefitra; for as the fun defeends, t !| e red rays, 
which are lefs refi angible by the convex atmofphere, abound 
in great quantity. Whence the fpefitrum of the light parts ot 
a window at this time, or early in the morning, is red ; and 
becomes blue either a little later or earlier; and white in the 
meridian day; and is alfo variable from the colour of the clouds 
or fky which are oppoftd to the window. 

2. All thefe experiments are liable to be confounded, if they 
are made too foon after each other, as the remaining fpefitrum 
will mix with the new one s. This is a very troublefome cir- 
cumftance to painters, who arc obliged to look long upon the fame 
colour; and in particular to thofe whofe eyes, from natural de¬ 
bility, cannot long continue the fame kind of exertion. For 
the fame reafon, in making thefe experiments, the relult be¬ 
comes much varied if the eyes, after viewing any objefit, are 
removed on other objefits for but an inftant of time, before we 
clofe them to view the fpefitrum ; for the light from the objefit, 
of which we had only a tranffent view, in the very time pf 
clofing our eyes afits as a ftimulus on the fatigued retina; and 
for a time prevents the defired fpefitrum from appearing, or 
mixes its own fpefitrum with it. Whence, after the eyelids 
are clofed, either a dark field, or fome unexpected colours, are 
beheld for a few feconds, before the defired fpefitrum becomes 
dift in fitly vifible. 

g. The length of time taken up in viewing an objefit, of 
which we are to obferve the fpefitrum, makes a great difference 

in 
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hi the appearance of the fpedtrum, not only in its vivacity, but 
in its colour; as the dire& fpedtrum of the central objedt, or of 
the circumjacent ones, and alio the reverie fpedha of both, 
with their various combinations, as well as the time of their 
duration in the eye, and of their remiffions or alternations, 
depend upon the degree of fatigue the retina is fubjedted to. 
The Chevalier d’Arcy conftrudted a machine by which a coal 


of fire was whirled round in the dark, and found, that when a 
luminous body made a revolution in eight thirds of time, it 
prefented to the eye a complete circle of tire; from whence he 
concludes, that the impreflion continues on the organ about 
the feventh part of a fecond. (Mem. de l’Acad. des Sc. 
1^65.) This, however, is only to be confidered as the fhorteft 
time of the duration of thefe diredt fpedtra ; fince in the fa¬ 
tigued eye both the direct and reverfe fpedtra, with their 
intermiffions, appear to take up many feconds of time, and 
feem very, variable in proportion to the circumftances of 
fatigue or energy. 

4. It fometimes happens, if the eyeballs have been rubbed 
hard with the fingers, that lucid fparks are feen in quick mo¬ 
tion amidft the fpedtrum we are attending to. This is fimilar 
to the flafhes of fire from a ftroke on the eye in fighting, and 
is refembled by the warmth and glow which appear upon the 
ikin after fridtion, and is probably owing to an acceleration of the 
arterial blood into the veflels emptied by the previous p refill re. 
By beifig accuftomed to obferve fuch fmall fenfations in the eye, 
it is eafy to fee the circulation of the blood in this organ. I 
have attended to this frequently, when I have obferved my 
eyes more than commonly fenfible to other fpedtra. The 
circulation may be feen either in both eyes at a time, or only 
in one of them ; for as a certain quantity of light is necefiary 

to 
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to produce this curious phenomenon, if one hand be brought 
nearer the clofed eyelids than the other, the circulation iu that 
eye will for a time difappear. For the eafier viewing the circu¬ 
lation, it is fometimes neceflary to rub the eyes with a certain 
degree of force after they are clofed, and to hold the breath 
rather longer than is agreeable, which, by accumulating more 
blood in the eye, facilitates the experiment; but in general it 
may be feen diftin&ly after having examined other fpefitra with 
your back to the light, till the eyes become weary; then 
having covered your clofed eyelids for half a minute, till the' 
fpe&rum is faded away which you were examining, turn your 
face to the light, and removing your hands from the eyelids, 
by and by again fhade them a little, and the circulation be¬ 
comes curioufly diftind. The dreams of blood are however 
generally feen to unite, which (hews it to be the venous circu¬ 
lation, owing, I fuppofe, to the greater opacity of the colour 
of the blood in thefe veffels; for this venous circulation is alfo 
much moreeafily feen by the microfcope in the tail of a tadpole. 

v. Variation of fpedtra in rcfpefl to di/HnStnefs and fze ; with a 

new way of magnifying ohjeSls * 

1. It was before obferved, that when the two colours viewed 
together were oppofite to each other, as yellow and blue, red 
and green, &c. according to the table of refle&ions and tranf- 
miffions of light in Sir Isaac Newton’s Optics, B. II. fig. 
3. the fpedra of thofe colours were of all others the mod bril¬ 
liant, and bed defined; becaufe they were combined of the 
reverfe fpe&rum of one colour, and of the dire& fpedrum of 
the other. Hence, in books printed with fraall types, or in 
Vol. LXXVI. Z z the 
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the minute graduation of thermometers, or of clock*faces* 
which are to be feen at a diftance, if the letters or figures are 
coloured with orange, and the ground with indigo; or the 
letters with red, and the ground with green; or any other 
lucid colour is ufed for the letters, the fpedtrum of which is 
fimilar to the colour of the ground; fuch letters will be feen 
much more diftin&ly, and with lefs confufion, than in black or 
white • for as the Jtpedtrum of the letter is the fame colour 
with the ground on which they are feen, the unfteadinefs of 
the eye in long attending to them will not produce coloured 
lines by the edges of the letters, which is the principal caufe of 
their confufion. The beauty of colours lying in vicinity to each 
other, whofe fpe&ra are thus reciprocally fimilar to each co¬ 
lour, is owing to this greater eafe that the eye experiences in 
beholding them diftin&ly ; and it is probable, in the organ of 
hearing a fimilar circumftance may conflitute the pleafure of 
melody. Sir Isaac Newton obferves, that gold and indigo 
were agreeable when viewed together; and thinks there may 
be fome analogy between the fenfations of light and found. 
(Optics, Qu. 14.) 

In viewing the fpedtra of bright obje£ts, as of an area of red filk 
of half an inch diameter on white paper, it is eafy to magnify it 
to tenfold,its fize: for if, when the fpedtrum is formed, you 
{fill keep your eye fixed on the filk area, and remove it a few 
inches further from you, a green circle is feen round the red 
filk: for the angle now fubtended by the filk is lefs than it 
was when the fpe&rum was formed, but that of the Ipe&rum 
continues the fame, and our imagination places them at the 
fame diftance. Thus when you view a fpedtrum on a flieet of 
white paper ? if you approach the paper to the eye, you may 
diminilh it to a point; and if the paper is made* to recede from 
5 the 



ocular Spectra of Light and Colours. 34 y 

the eye, the fpeftrum will appear magnified in proportion-' to 
the diftance. 

I was furprifed, and agreeably amufed, with the following 
experinilent. I covered a paper about four inches fquaro with 
yellow, and with a pen filled with a blue colour wrote upon 
the middle of it the word BANKS in capitals, as in fig. 5. and, 
fitting with my back to the fun, fixed my eyes for a minute 
exaftly on the center of the letter N in the middle of the 
word; after doling my eyes, and fhading them fomewhat 
with my hand, the word was diflinftly feen in the fpeftrum 
in yellow letters on a blue field; and then, on opening my 
eyes on a yellowifh wall at twenty feet diflance, the magnified 
name of BANKS appeared written on the wall in golden cha~ 
rafters. 


CONCLUSION. 

It was obferved by the learned M. Sauvages (Nofol. me¬ 
thod. Cl. VIII. Ord. 1.) that the pulfations of the optic artery 
might be perceived by looking attentively on a white wall well 
illuminated. A kind of net-work, darker than the other parts 
of the wall, appears and vanifhes alternately with every pulia¬ 
tion. This change of the colour of the wall he well al'cribes 
to the compreffion of the retina by the diaflole of the artery. 
The various colours produced in the eye by the prdTure of the 
finger, or by a ftroke on it, as mentioned by Sir Isaac New¬ 
ton, feem likewife to originate from the unequal prefTure on 
various parts of the retina. Now as Sir Isaac Newton has 
Ihewn, that all the different colours are reflefted or tranfmitted 
by the laminae of foap bubbles, or of air, according to their 
different thicknefs or thinnefs, is it not probable, that the 
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effe& of the adivity of ttie retina may be to alter its thicknefs 
or thinnefs, fo as better to adapt it to refled or tranfmit the 
colours which ftimulate it into adion ? May not mufcular 
fibres exift in the retina for this purpofe, which may be lefs 
minute than the locomotive mufcles of microfcopic animals l 
May not thefe mufcular adions of the retina conftitute the 
fenfation of lights and colours ; and the voluntary repetitions 
of them, when the objed is withdrawn, conftitute our me¬ 
mory of them ? And laftly, may not the laws of the fenfa- 
tions of light, here inveftigated, be applicable to all our other 
fenfes, and much contribute to elucidate many phaenomena of 
animal bodies both in their healthy and difeafed ftate; and thus 
render this inveftigation well worthy the attention of the phy- 
fician, the metaphyfician, and the natural philofopher ? 

Vaby , November i, 1785. 
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XVII. Obfervations on fome Caufes of the Excefs of the Mortality 
of Males above that of Females. By Jofeph Clarke, M. JD, 
Phyfcian to the Lying-in Hofpital at Dublin. Communicated 
by the Rev, Richard Price, D. D. F. R. S. in a Letter to 
Charles Blagden, M. D. Sec. R. S. 


Read March 30, 1786. 


SIR, Newington-Green, February 6 , 1786. 

T RECEIVED fome time ago the inclofed letters and 
regiftry from Dr. Clarke, Phyfician to the Lying-in Hof¬ 
pital at Dublin. They contain fome accounts that feem to 
me not improper to be communicated to the Royal Society. 

The obfervations which have been made on the laws that 
govern human mortality prove, that the mortality of males 
exceeds that of females in almoR all the Rages of life, and 
particularly in the earlieft Rages; and that this excefs prevails 
moR in great towns, and all the lefs natural lituations of hu¬ 
man life. The fads in thefe papers throw fome light on this 
fubjed. Male fetus's requiring more nutrition than female 
foetus's , becaufe larger, and being alio for this realbn more 
liable to injury in delivery, are brought into the world lefs 
perfed: and this happening more or lefs in proportion to the 
vigour and juR formation of the mother, it muR happen 
moR in thofe lituations where the greateR tendemefs o£ 

frame and deviations from nature take place* The truth, in 
a fhort. 
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ftiort, feems to be, that any debility in either parent muft affed 
moft the produdion of that fex which requires the largeft and 
ftrongeft Jiamina ; and that fuch debilities prevailing moft in 
great towns and polilhed Societies, the excels of the moitality 
of males rnuft alio be greateft in fuch lituations. And this X 
reckon the principal reafon of a circumftance in human mor¬ 
tality which, before I received thefe communications from Dr. 
Clarke, I did not fo well understand. 

With much refped I am, &c. 

RICH. PRICE. 


Dr. Clarke’s Jtrft Letter to the Rev. Dr. Price. 

SIR, Dublin. 

IN your very ufeful Treatife oil Life Annuities, See. you 
remark*, that “it has been obferved, that the Author of 
« nature has provided, that more males lhould be bom than 
tc females, on account of the particular wafte of males, oeca- 
“ lioned by wars and other caufes. That perhaps it might 
“ have been obferved, with more reafon, that this provifion 
“ had in view that particular weaknefs or delicacy in the con- 
“ iHtution of males which makes them more fubjed to mor- 
t( tality; and which, confequently, renders it neceflary that 
“ more of them lhould be produced, in order to preferve 


* Vol. I, p. 373. . 
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hi the world a due proportion between the Texes.’* And 
fuither, you elfewhere remark % that “ th q faSis rec’ted at 
“ the end of your fourth Eflay prove, that there is a difference 
« between the mortality of males and females; but that you 
a mu ft however obferve, that it may be doubted, whether this 
“ difference, fo unfavourable to males, be natural ; and that 
“ there are faffcs which prove that you have reafon for fuch a 
“ doubt.” After ftating a number of very fatisfa&ory fafts of 
this kind you remark, that “ the inference from them is very 
« obvious; that they feem to ftiew fufficiently, that human 
«< life in males is more brittle than in females, only in confe- 
«« quence of adventitious caufes, or of fome particular debility 
“ which takes place in polifhed and luxurious focieties, and 
“ efpecially in great towns .” 

Whatthofe adventitious caufes are, or how this particular 
debility is produced and operates, are queftions which appear 
to me highly interefting and curious. I have therefore been at 
confiderable pains to examine and arrange a very accurate and 
extenfive regiftry in fuch a manner as I hope will throw fome 
light on thefe queftions. As it is to the accuracy of modem 
regifters that we are originally indebted for our knowledge of 
the fafts in queftion, I apprehend, it is from the fame fourcc 
only that we {hall be enabled fatisfa&orily to explain them. 

Of the regiftry inclofcd, I beg leave to obferve to you, Sir, 
that it has been kept from its commencement by a man of un¬ 
common accuracy (one of the under-clerks of our Houfe of 
Commons); and that as the poor women and their children are 
obliged to pafs through his office, before leaving the Hofpital, 
his fituation is fuch that there is no likelihood of his being 
deceived. It exhibits to our view the occurrences of 38 years 

* Vol, It Pt *47* 


) 



' Dr. Clarke’s Obfervations on the 
in above 20,000 infiances: a number which I am inclined to 
think can hardly appear inefficient for effabliffiing fome general 
inferences and concluiions on a tolerably fure foundation. Al¬ 
though my reafoning on thefe matters ffiould not appear very 
conclufive, or my calculations perfectly accurate, yet I flatter 
myfelf, that the fails will neither be unacceptable nor ufelefs 

to you. 

I believe it may be fafely afferted, that anatomy has not 
hitherto dete&ed any internal difference between the animal 
oeconomy of the male and female, which can be fuppoled to 
account for their difference of mortality, more efpecially in 
early Infancy; and this (it deferves to be particularly remarked) 
is the period during which the chances are much the greateft 
againft male life. It is a matter of common obfervation that 
males, caterls paribus, grow to a greater fize than females, 
both in utero and every fubfequent period of their growth. Con¬ 
sequently, they muff meet with more difficulty, and endure more 
hardfliip and fatigue, in the hour of birth. Accordingly, 
pra&itioners in midwifry, taught by experience, know, that 
when any confiderable difficulty occurs in the birth of a child 
(for example, in all the different kinds of preternatural labours) 
they Hand a much better chance of faving the life of a female 
than of a male. It is on this principle we can explain what our 
regiftry concurs with others in proving, viz. that near one-half 
more males than females are ftill-born. Naturalifts are agreed, 
that the head of the human foetus is larger in proportion to its 
body than that of any other animal; and I believe it is certain, 
that no animal whatever brings forth its young with fo much 
difficulty, pain, and danger, as a woman. Now as we know 
that the head contains one of the moft important organs of the 
body to life, it is highly reafonable to fuppofe, that any 

additional 
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additional injury which it fuftains in delivery may produce very 
material effects on the whole fyftem. Thefe effefts though 
often may not be always immediate. They may operate in 
weakening the male ^onilitution fo as to rendci it more apt 
to be affe&ed by any exciting caufe of difeafe foon after birth, 
and lefs able to ftruggle againff it. It may be afked, how this 
will apply to th® difference of mortality in great towns and 
country fituations ? The anfwcr evidently is, that in great 
towns rickets, fcrophula, and other difeafes afieding the bones, 
and producing confequent mal-conformation of the female fex, 
are more frequent than in healthy country fituations. 

There is another circumflance. Sir, which may have fome 
influence in producing that particular debility which you men¬ 
tion. It is this: as the ftamina of the male are naturally cou- 
ftituted to grow to a greater fize, a greater fupply of nouriflv 
ment in utero will be neceflary to his growth than to that of a 
female. Defers in this particular, proceeding from delicacy 
of conftitution or difeafes of the mother, mull of courfe be 
more injurious to the male fex. And although the male chil¬ 
dren may be fo lucky as to efcape abortion and the perils of 
delivery, it is probable, that they will be more apt to languish 
under difeafe, or die at fome future period, from the applica¬ 
tion of noxious caufes to an originally half-ftarved frame. To 
a perfoa little accuftomcd to confider phyfiological fubje&s, 
this reafbning may appear fomewhat obfeure. It may, per¬ 
haps, be fomewhat illuftrated by confidering that nourilhment 
of the foetus after birth which nature has provided for. Sup- 
pofe every mother in a great city obliged to fuckle and nude 
her own child, without the affiffance of fpoon-meat; and every 
mother in the adjacent country to do the fame. Of the jfbrmet 
there would not perhaps be one good nurfe in five i and of the 
Vol. LXXVI. A a a latter, 
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latter, perhaps, not one bad in ten. The difference of mof» 
tality that would enfue both to mothers and children thus 
fituated, and the greater fufferings of the male than female fex, 
may be eafily conceived, but not eafily calculated. We fee 
that, when a woman conceives twins, and has two foetufes in 
utero to nourifh inftead of one, it becomes peculiarly fatal 
both to her and her offspring. The chances are above four to 
one greater agaiuft her than againft a woman bringing forth 
one child, and about two to one againft her iflbe *. 

Give me leave, Sir, to call your attention a little further to 
the fa£ts relating to twins. They are Angular and curious, at 
the fame time that they ferve to confirm fome of the preceding 
reafoning. Near one-half more twins die, and near one-third 
more are ftill-born, than of fingle children. And why ?—It 
as not becaufe they meet with greater difficulties in the birth. 
On the contrary, it is a known fa<ft, that, being much lefs 
than other children, women bring them forth with more eafe. 
Does it not then proceed from a fcanty nutrition, by which 
they are oftener blighted in utero than fingle children; and, 
when born alive, have lefs ftrength to fupport life through the 
firft ftages of its exiftence. 

It is farther worthy of obfervation, that though double the 
numbers of twins die and are ftill-born, compared to fingle 
children, yet the proportion of male twins loft to females is 
lefs. Only one-fifth more of the male fex die than of the 
female, and only one-third more is ftill-born. Whereas of 
fingle children, whole proportional mortality is one-half lefs, 
one-fourth more of the male fex die, and near double the num¬ 
ber is ftill-born. To what then are we to attribute thisleffened 
mortality in favour of male twins ? Probably to their brain and 
• Compare the yth and 14th, 6th and 13th inferences in the annexed extracts. 

nervous 
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nervous fyftem fuffering lefs during delivery, on account of 
their heads being much fmaller than thofe of Angle children. 
Were I difpofed to be prolix, I could offer many more plaufible 
arguments on this fubjeft; but to you, Sir, I am fure they 
would be unneceffary. There is only one circumftance re¬ 
maining, relative to the proportion of the fexes, which I can¬ 
not pafs over in filence. We fee evident wifdom in the creation 
of a greater number of males than females; but why the pro¬ 
portion they bear to each other differs in different countries and 
fituations, and why there fhould be a feventeenth more males 
born of fingle children than twins, are queftions which I leave 
to be decided by thofe philofophers who underftand the theory 
of generation better than I do. Be this as it may, I am con¬ 
vinced that the majority in favour of the male fex is fooner 
deftroyed than the generality of writers feem to be aware of. 
Did the limits of this letter permit, I think, I could prove 
from Dr. Short’s own data*, that the majority of males is 
deftroyed long before the common marriageable period; but I 
fliall content myfelf with an obfervation or two on the regiftry 
before us. If one-half of the whole bom in this hofpital die 
before three years, which is the eftablifhed computation for 
great cities; and if, on the lofs of fomewhat more than a 
third of this half, a majority of 1177 be reduced to 483 by a 
lofs of 694, as appears from the regiftry, it is pretty evident, 
that by the death of the two remaining thirds, a majority will 
be left in favour of the female fex. It is obvious, that the 
ftatement with regard to twins corroborates this fuppofition; 
for of them, inftead of a fifth, there is near one half dead and 
ftill-bom, the confequencc of which is, that we fend out a 
majority of females. It may be objected, that their males do 

* New Obfervations, p, 72. et feq. 
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not bear fo great a proportion to the females; and that, there* * 
fore, it is not to be expe&ed they fhould keep up their majority 
fo long. But there is only a feventeenth fewer males pro¬ 
duced; whereas it has been already (hewn, that there is a much 
greater proportion between the deaths of tingle and twin males 
againft the former and in favour of the latter. 

Such are the outlines, Sir, of my fentiments on this fub- 
jeCb i have affumed the liberty of addreffing them to you 
■without ceremony, as a well-wither to every member of the 
republic of letters. I thall be happy, Ihould your fentiments 
happen to coincide with mine, or if I can be of any farther 
fervice in promoting your very laudable inquiries. 

X am, Sir, with great refpect, &c. 

JOSEPH CLARKE. 

Lying-in Hofpital, 

June 9, 1785. 


Dr. Clarke’s fecond Letter to the Rev. Dr. Price. 

* 1 Dublin, OSt. 22, 1785. 

ENCOURAGED by your approbation of my former let* 
ter, I will take the liberty of ftating to you a few more fadts 
and obfervations, which 1 hope you will judge an Appendix to 
it of fome importance. 

With the view of afeertaining how far fome of the fore¬ 
going conjectures are well founded, and of determining with 

greater 
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greater precifion the more obvious differences between the male 
and female lex in infancy, I began in the month of July laft 
by weighing forty children, twenty ol each lex, and by taking 
the dimenfious of their heads. In the months of Auguft and 
September I repeated the fame experiment twice, taking fuch 
children as appealed to have arrived at the full period of gefta- 
tion promifcuoully as they happened to be boin. 

I weighed them all a few hours after birth, before they had 
taken food, and before purgative medicines had time to operate. 
For this purpofe, I made ule of a fmall fpring or pocket ftcelyard, 
which weighs any thing (not heavier than a fewp >unds ; appended 
to it with fufficient accuracy. To this was attached a flannel 
bag, into which the children were put, at fnft, naked; but 
this I foon found very troublefome. The nurfes often wanted 
time fufficient to affift me, and timid mothers were afraid of 
their infants catching cold ; I was therefore obliged to weigh 
them with their cloaths on, and to fubtiaft a certain quantity 
from the grofs weight of each child, according as it was full, 
middling, or light cloathed. Whatever inaccuracy this may 
have introduced, as to the real weight of the children, it can 
but little influence their comparative weights, or the differences 
between the twofexes, which it was my objuft to afeertain. 

For meafuring their heads, I made ufe of a piece of painted 
or varnilhed linen tape, divided into inches, halves, and quar¬ 
ters. The varnilh has the good eflfea of preventing the length 
of fuch a meafure being readily afFe&ed by variations in the 
humidity of the atmofphere, &c.; and it has little or noelafti- 
city. In this part of the experiment then I can pretend to* 
confiderable accuracy. I took firfl: the greateft ci> cumference 
of the head from the mofl: prominent part of the occiput* 
around over the frontal finufes } and, fecondly, the tranlverfe 

dimenfiojk 
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dimention from the fuperior and anterior part of one ear, acrofs 
the fontanelle, to a Similar part of the oppofite ear. Thefe di- 
mentions appeared to me the moft likely to afford data for deter¬ 
mining the refpective fizes of the brain 111 the different iexes. 
The refnlt was as tollows: 


Twenty males. Twenty females. 

Weight. Circun> *ercnce Pimenfiotis Weight. Circunnf. Duncn.from 

lbs &c. of heads. from ear to ear* lbs. &c* of heads, ear to ear* 



Inches, 

*49i 

282 

*44f 

277 

148 

280 


Inches. 

Experiment I. 

IS2 I37l 

Experiment 2. 

l l 5 

Experiment 3 . 

1471 132 

Totals* 


Inches. 

Inches. 

272 

143 

272 

147 

273 

*43* 


442 839 

7 lbs. 5 oz. 7 dr. 14 


4451 4°4i 817 433? 

Average weight, &c, 

7! 6 lbs. 11 oz. 6 dr. 13I 7! 


Having found the relative proportions between the fexes to 
turn out thrice with fo much uniformity, and obferving them 
to correfpond pretty nearly with fome experiments, made for 
very different purpofes by the late Profeflor Roederer, of 
Gottingen, I did not think it neceflary to profecute the fubject 
farther. 

Upon the whole, it may be obferved, that the difference of 
weight between the male and female at birth may be rated at 
about nine ounces, or nearly a twelfth part of the original 
weight. I11 the circumference of their heads there is a dif¬ 
ference of near half an inch, or about a 28th or 30th part; 
and the fame propprtion of a 28th is pretty nearly preferved in 
the tranfverfe dimenfion. It is evident, as the bony paffage 
5 through 
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through which infants pafs is of a certain determined capa¬ 
city, that, were their heads equally incompreffible with thofe 
of adults, the difference of half an inch in their fize would 
often prove fatal to them. By the compreffibility of their 
heads, however, in well formed women, this difficulty is by 
time furmounted. The effe&s which fuch a compreffion on 
the brain may produce, have not hitherto been well attended 
to. 

In reckoning children, weighing from 5I to 61, 6 pounds 
weight, and from 6f to 7I, 7, and fo forth, in order to avoid 
fradions, I find the numbers of males and females, arranged 
according to their weight, to ftand as follow. 

Males. Females. 

lbs. 4 5 6 7 8 9 10 lbs. 45 6 7 8 9 10 

N° o 3 6 32 16 2 1 I N° 2 9 14 25 8 2 o 

Hence it appears, that the majority of males runs thus: 

feven, eight, fix, five; whilft that of the females is feven, fix, 
five, eight. Hence alfo appears the merciful difpenfations of 
Providence towards the female fex ; for when deviations from 
the medium ftandard occur, it is remarkable, that they are 
much more frequently below than above this ftandard. In 
1 jo inftances there are only five childreu exceeding eight 
pounds and a half in weight. The fame may bo obferved 
with regard to the fize of their heads. Only fix meafured 
above 14! inches in circumference, and thefe all of the male 
fex; five meafured 14*, and one 15. In tranfverfe dimen- 
fions only four exceeded y|, the largeft of which was 8|; 
whereas deviations under the ftandard in thefe particulars were 
very numerous, never however under 1 a around and 6| acrofs. 

In 
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In the year 1753, Dr. Roederer publidicd a Paper, De poft° 
dere et longltudine Infantum recent natorum , in the Comment 
taries of the Royal Society of Gottingen, of which the cele¬ 
brated Haller was the principal inditutor, and Jong the pre- 
fident. In this Paper he proves, in the cleared manner, by 
incontedible experiments, the abfurdity of the ideas of obfte- 
tric writers with regard to the progrefs of the ovum during 
geftation, and the weight of the foetus after birth. He fhews, 
although they date the weight of the foetus, come to the full 
time, to be from 12 to 14 or 16 pounds, that it is more 
generally 6 or 7, and very rarely exceeds eight. This de¬ 
fences particular notice for two reafons; firft, becaufe it ferves 
to (hew how little dependence is to be placed on theaffertionsof 
authors who copy each other fervilely, without having recourfe 
to experiment even in the mod obvious cafes; and, fecondly, 
becaufe this paper has been overlooked by fome of the mod 
celeb rated writers and teachers of mid wifry now living. What 
idea are we to form of the accuracy of one of our lateft 
fydematic writers, who (telling us that he has been a practi¬ 
tioner of midwifry, in a capital city, for twenty years, and a 
teacher for more than twelve) dates, in one page of his work, 
that the weight of a foetus at eight months is about feven 
pounds; and on the oppofite page, that at full time it weighs 
from twelve to fourteen pounds * ? 

Of 27 children, carried to the full period of gedation, 
weighed and meafured in length by Roederer, without any 
attention to the difference of fex, I find, that 18 were of the 
male and 9 of the female fex; and that the average weight of 

* See a Treatife of Midwifiy (p. 88. and 89.) diverted of technical terms and 
■e&ftrufe theories, by A. Hamilton, M. D. 8° edit. London, 1781, 
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the former was about 6 lbs. 9 oz., that of the latter about 
6 lbs. 2 oz. 2 dr. Whether he and I ufcd the fame weights, I 
cannot exactly fay. He obferves, that he ufed the civil pound of 
Gottingen, which I can eafily perceive confifted of 16 ounces, 
as mine did; but whether a German ounce be the fame with ours, 
I have not data to determine. The average length of the males 
meafured by him is about 20I inches, and of the females about 
19*^.. He weighed alfo the placentae of 21 lying-in women, 
16 of whom had borne male children, and five female. The 
average weight of the former was 1 lb. 2l oz.; that of the 
latter 1 lb. 2 oz. Hence it appears, that in other circum- 
ftances, befides thofe I have taken notice of, the male and 
female fex differ. So far I thought it neceffary to take extracts 
from Dr. Roederer’s paper, as his obfervations and mine 
throw light on each other, and add confirmation to both. 

The limits of this letter will not permit me. Sir, to trefpafs 
much farther on your patience. There is one circumftance or two 
lb intimately connected with my former letter, that I cannot 
pafs them over in filence. Having found that males fuffer 
more in the birth than females, 1 was defirous of knowing 
whether the chance of the mother’s recovery was thereby in 
any degree affe&ed; and to determine this I was once more at 
the pains of turning over our regiftry with care. I found* 
that of 214 women, dead of {ingle children, 50 were deli¬ 
vered of ftill-born males, and 15 of ftill-born females; 76 of 
living males, and 73 of living females. Of the 15 dead of 
twins, 6 had twins one of each fex; 6 others had twins both 
of the male fex; and three had twins both of the female fex. 
All of which twins (two or three excepted), it is very re¬ 
markable, furvived the death of their mothers. It would 
appear then, that the life of the mother is principally endan- 
Vol, LXXVI. B b b gered 



Dr. Clarice’s Obfervations , &c. 
gered in thofe cafes where the bulk of the male’s head pre¬ 
cludes the poffibility of his being brought into the world alive, 
either by the efforts of nature or art. The conception of twins 
we have obferved to be more fatal to the mother than that of 
fxngle children. The average weight of 12 twins, which have 
occurred to me of late, I find to be 11 lbs. a pair. The largefi; 
pair weighed 13 lbs. and the leaf! 8§. From fome rude at¬ 
tempts made to afcertain the weight of the contents of the 
gravid uterus in cafes of twin and fingle children, I am in¬ 
clined to think, that they are to each other as about 15 to 1Q, 
or perhaps 14! to 

Believe me, Sir, with great refpefit, &c. 

J. CLARKE. 


An Abftra& 














An Abftradt of the Regiftry kept tt the Lying in Hofpital, in Dublin, from the 8th of December 7:7 :o the 

31ft of December, 1 "-84. By B. H. Regifter. 




ExtraSs from the Reglihy kept at the Lying-in Hofpital, Dublin, from the year 1757 to 


Uniparous. 


Multiparous, Twins, Triplets, kt, 


Women. 


Children. 


Women, 


Children. 

Delivered 




Delivered 



in Dead, 

Sex. 

Dead. 

Still-bom. 

in Dead, 

Sex. 

Dead, 

Hofpital, 

M. F, 

M. F. 

M, F. 

Ilolpital, 

M. F. 

M, 

19455 214 

10305 9150 

1656 1247 

602 351 

33 1 *5 

342 320 

116 


9 ‘ 5 ° 

19455 


U47 

2503 


35 ' 

953 


320 

662 


207 

49 


Still-ta, 
M. F, 

2 () 29 

20 


49 


Total 3856 dead and flill born. 

Proportion of males to females born nearly as * I? to 15 

* 1 to 6 f 

, . , itoaof 

. • 4 t0 3 

,— El-born to citto » . 12 to 7 

ftill-born and dead of each fex to the whole I to j 


Total 256 dead and ftill-born. 


children Hill-born 


Inferences, 

8 , Proportion of male twins to females born « . 17 to 16 

9, -- twins dying under 16 days , , ito 3] 

jo, . . . twins Hill-bom . . . t to 13} 

H< male twins dying to females * . 5 to 4 

12, —-.— - Hill-born to ditto , . 3 to 2 


women dying in child-bed 


* 3 ' 

* 4 * 


1 to 92 

Totals of dead and ftill-born whether 


Males, 

Females. 

uniparous or multiparous. 

1636 

1247 

Miles. Females, 

602 

35 1 1 

1636 1247 

2238 

1598 

116 91 

602 331 

Bom in hofpital 10303 

9 J 5 ° 

29 20 

Dead and ftill-born 2238 

*598 

2403 J 7°9 

Sent out living 8047 
7552 

755 * 

Bom 10647 947 ° 

— 

2403 1709 


HilMorn and dead of each fex to the whole 1 to 2 J 
vine; # , , H 022 

Totals of twins, See, dead and ftill-born. 
Males, Females, 

116 91 

29 20 




in 


Soft 342 320 

*’ !)ead and ftill-born 145 in 

^ Sent out living 197 209 

197 

Balance 495 in favour of the mb fa - — ' Balance m favour of the female fex xa 

8244 

j?6 t 

Of am 17 children to, ttb end of a fortnight, there ia only 8 balance of 483 in favour of tie ode fes, aldnwgh originally n 7 ?i greaterloft of naalei 694 
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XVIII. Some Particulars of the prefent State of Mount Vcfu- 
vius; with the Account of a Journey into the Province of 
Abruzzo, and a Voyage to the If and of Ponza. In a Letter 
from Sir William Hamilton, K. B. F. R. S. and A . S. to 
Sir Jofeph Banks, Barf. P. R. S. 


Read May 4, 1786. 


SIR, Naples, January 24, 1786. 

T HE eruption of Mount Vefuvius, which began in the 
month of November 1784, nearly at the moment of 
my return from England to this Capital, and which continued 
in fome degree till about the 20th of laid month, has afforded 
much amufement to travellers unacquainted with this wonder* 
ful operation of nature, but no new circumftance that could 
juftify my troubling you with a letter on the fubjedt. The 
lava either overflowed the rim of the crater, or iffued from 
fmall Allures on its borders, on that fide which faces the moun¬ 
tain of Somma, and ran more or lefs in one, and at times in 
three or four channels, regularly formed, down the flanks of 
the conical part of the volcano; l'ometimes defeending and 
fpreading itfelf in the valley between the two mountains; and 
once, when the eruption was in its greateft force, in the month 
of November laft, the lava defeended Hill lower, and did fome 
damage to the vineyards, and cultivated parts at the foot of 
Vefuvius, towards the village of St. Sebaftiano; but generally 

B b b a the 
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the lava, not beings abundant, flopped and cooled befoie it was 
able to reach the valley. By the accumulation of thefe lava’s 
on the flanks of Vefuvius, its form has been greatly altered ; 
and by the frequent exploficn of fcoriae and afhes, a confi- 
derable mountain has been formed within the crater, which 
now rifing much above its rim has likewife given that part of 
the mountain a new appearance. Juft before I leit Naples, in 
May 1783, I was at the top of Vefuvius. The crater was cer¬ 
tainly then more than 250 feet deep, and was impracticable, its 
fides being nearly perpendicular. This eruption, however, 
has been as fatisfaCtory as could be defired by the inhabitants 
of this city, a prodigious quantity of lava having been dif- 
gorged;- which matter, confined within the bowels of the 
earth, would probably have occafioned tremors; and even flight 
ones might prove fatal to Naples, whofe houfes are, in gene¬ 
ral, very high, ill built, and a great number in almoft every 
ftreet already fupported by props, having either fuffered by 
former earthquakes, or from the loofe volcanic foil’s having 
been walhed from under their foundations by the torrents of 
rain water from the high grounds which furround Naples, and 
on which a great part of the town itfelf is built. 

From the time of the laft formidable eruption of Mount 
Vefuvius, in Auguft 1779 (defcribed in one of my former 
communications to the Royal Society) to this day, I have, 
with the afliftance of the Father Antonio Piaggi *, kept an 
exafl: diary of the operations of Vefuvius, with drawings, 
ihewing, by the quantity of fmoke, the degrees of fermenta- 

* This Padre Antonio Piaggi is the ingenious Monk who invented the method 
of unfolding and recovering the burnt ancient roanuferipts of Herculaneum, and 
who relides conflantly at Refina, at the foot, and in full view, of Mount 
Vefuvius. 

4 , tion 
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tion of the volcano; alfo the courfe of the lava’s during this 
laft eruption, and the changes that have been made in the form 
of the mountain itfelf by the lava’s and fcoriae that have been 
eje&ed. This journal is becoming very curious and interefting; 
it is remarkably fo with refpe& to the pointing out a variety of 
lingular effe&s that different currents,of air have upon the 
fmoke that iflues from the crater of Vefuvius, elevated (as you, 
know. Sir) more than 3600 feet above the level of thefea;. 
but, except the fmoke increafmg confiderably and conffantly 
when the fea is agitated, and the wind blows from that quarter, 
the operations of Vefuvius appear to be very capricious and' 
uncertain. One day there will be the appearance of a violent- 
fermentation, and the next all is calmed again: but whenever 
the fmoke has been attended with confiderable ejections of 
fcoriae and cinders, I have conffantly obferved, that the lava 
has foon after made its appearance, either by boiling over the 
crater, or forcing its paffage through crevices in the conical’ 
part of the volcano. As long as I remain in this country, and; 
have the neceffary affiftance of the above-mentioned ingenious 
Monk (who is as excellent a draughtfman as he is an accurate 
and diligent obferver) the Vefuvian diary fhall be continued; 
and I hope one day to have the honour of preferring thefe 
curious manufcripts (which begin now to be voluminous) to 
the Royal Society, if it fhould think them worthy of a place 
in the Library of the Society. 

Having never had an opportunity of examining the iflands of 
Ponza, Palmarole, Zannone, and other fmall iflands, or rather 
rocks, fituated between the ifland of Ventotiene and Monte 
Circello, near Terracina, on the Continent; and thinking 
that by a tour of thefe iflands I fhould be enabled to render 

my former obfervations more complete, and to communicate 

to 
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to you, Sir, fome account of the only volcanic parts of this 
neighbourhood hitherto undefcribed, I determined to take 
advantage of the abfence of their-Sicilian Majefties (who were 
then making the tour of Italy) and vifit thefe iflands. But be¬ 
fore I put this plan in execution, I made a long excurfion in 
the province of Abruzzo, as far as the Lake of Celano, an¬ 
ciently called Fucinus, and where the famous Emiflary of the 
Emperor Claudius (a mod ftupendous work * for draining 
that, lake) remains nearly entire, though filled up with rubbifh 
and earth in many parts, and of courfe ufelefs. The water of 
this lake, which is-more than 30 miles in circumference, in- 
creafes daily, and is deftroying the rich and cultivated plains 
on its borders. It is furrounded by very high mountains, 
many of them covered with fnow, and at the foot of them 
are many villages, and rich and well cultivated farms. Upon 
the whole it is the mod beautiful lake I ever faw, and would be 
complete, if the neighbouring mountains were better wooded. 
This lake furnifhes abundance of fifh, but not of the beft 
quality: a few large trout, but moftly tench, barbel, and 
dace. In the (hallow water on the borders of the lake, I faw 
thoufands of water fnakes, purfuiug and preying upon a little 
fifh like our thornbacks, but much better armed, though their 
defenfive weapons feemed to avail them but little againft fuch 
ravenous foes. 

I went with torches into the emiflary of Claudius as far as 
I could. It is a covered under-ground canal, three miles long, 
and great part of it cut through a hard rock; the other parts 
fupported by mafbnry, with wells funk to give air and light; 

* A defcription of this emiffary of Claudius, with plans (though not very 
t%z€t) has been pubiifhed by Fabretti, in the fame book in which he has given 
at* account of Trajan’s column. 

According 
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According to Suetonius, Claudius employed thirty thou- 
fand men eleven years on this great work, intended to convey 
the fuperfluous water of the lake into the bed of the iivei Lins, 
now called Garigliano ; and I make no doubt, but that if it 
was cleared and repaired, it would again anfwcr that purpofe. 

In its prefent date it is a moffc magnificent monument of 
antiquity. 

The whole country from Arpiuo, the native place of Ma¬ 
rius*, by Ifola, Sora, Civitella, and Capidrello, to the lake 
of Celano, is, in my opinion, infinitely more beautiful and 
piaurefque than any fpot I have yet feen on the Alps, in Savoy, 
Switzerland, or the Tyrol. The road is not paflable for car¬ 
riages, and indeed is fcarcely fo, even in fummer, for horfes of 
mules, and is often infeded with banditti; a party of which, 
confiding of twenty-two, had quartered themfelves in a village 
which I paffed through, and left it but a week before my 
arrival. There are many wolves and fome bears in the adja¬ 
cent mountains, which alio commit their depredations in the 
winter. The tyger-cat, gat to pardo , or lynx, is fometimes ■ 
found in the woods of this part of Abruzzo. 

The road follows the windings of the Garigliano, which is 
here a beautiful clear trout dream, with a great variety of 
cafcades and water-falls, particularly a double one at Ifola, 
near which place Cicero had a villa, and there are dill fome 
remains of it, though converted to a chapel. The valley is 
extenfive, and rich with fruit trees, corn, vines, and olives. 
Large tra&s of land are here and there covered with woods of 1 

* Marius had a large villa, about twelve miles diftant from Arpino. I 
went to vifit the fpot, on which now Hands the only convent of the aufiere 
order of La Trappe in Italy* It is in the Pope’s Hate, and has been evidently 
built of the ruins of Marius’s houfe, and its prefent name is Cafa Mari, 


oak 
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oak and cheftnut, all timber trees of the largeft 15 ze. The 
mountains neareft the valley rife gently, and are adorned with 
either modern caftles, towns, and villages, or the ruins of ancient 
ones. The next range of mountains, riling behind thele, are 
covered with pines, larches, and fuch trees and Ihrubs as 
ufually abound in a like lituation: and above them a third 
range of mountains and rocks, being the moll elevated part 
of the Apennine, rife much higher, and, being covered with 
eternal fnow, make a beautiful contrail: with the rich valley 
above-mentioned; and the fnow is at fo great a diftance, as not 
to eive that uncomfortable chill to the air, which 1 have 
always found in the narrow vallies of the Alps and the Tyrol. 
Excufe me. Sir, if from the impreffion which this enchanting 
and little frequented country has left on my mind, I have been 
led to depart from the fubjed of this letter, to which I will 
return diredly. 

On the 15th of Auguft laft I went in a felucca to the illand 
of Ifchia. I have nothing to add to my former obfervations on 
this illand, already communicated to the Royal Society; ex¬ 
cept that about fixty yards from the Ihore, at a place called St. 
Angelo, lituated between the towns of Ifchia and Furia, a 
column of boiling water bubbles upon the furface of the fea 
with great force, and communicates its heat to the water of 
the fea near it; but as the wind was very high, and the furf 
confiderable, I was not able then to examine this curious fpot 
as I could have wifhed, but will return there on purpofe fome 
other time. The inhabitants of the neighbourhood told me, 
that it always boiled up in the fame manner, winter and fum- 
mer; and that it was of great ufe to them in bending their 
planks for lhip-building; and that the filhermen allb frequently 
made ufe of this natural cauldron to boil their fifh. Though I 

have 
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have paffed at different times many weeks in the ifland of 
Ifchia, I never before heard of this phenomenon ; but in my 
defcription of this ifland mention is made of feveral fpots 
where, near the fhore, I had found, when bathing in the fea, 
the fand under my feet fo hot as to oblige me to retire haftily. 
This boiling fpring reminds me of one near Viterbo in the 
Roman State, which I have feen, and is called the Bulicame. 
It is a circular pool of about fixty feet in diameter, and ex¬ 
ceedingly deep, the water of which is confirantly boiling. It 
is fituated in a plain furrounded by volcanic mountains. A 
flony concretion floats on the furface of the pool, which being 
carried off by the fuperfluous water is depofited, and is con- 
flantly forming a labes or tuffa, of which all the foil around 
the pool is compofed. You have feen, Sir, the like operation 
in greater perfection in Iceland, at the famous boiling fpring ot 
Geyfer. I am convinced, that many of the finer fort and 
moft compaCb tuffa’s we meet with, in countries formed by vol¬ 
canoes, have been produced in the fame manner. 

The 18th of Auguft I arrived at the ifland of Ventotiene, 
about twenty-five miles from Ifchia. It is greatly improved 
fince my former vifit, feven or eight years ago, when his Sici¬ 
lian Majefly firft planted a little colony there. It then pro¬ 
duced neither corn nor wine; now it furnifhes annually at leaft 
feventy butts of wine and two thoufand tomoli of corn. The 
foil is remarkably fertile, from whence it probably took its 
ancient Greek name of Pandataria. This ifland contains at 
prefent more than three hundred inhabitants. The ifland of 
Ventotiene, and the fmaller one called St. Stefano, within a 
mile of it, having been defcribed in my Campi Phlegraei, as 
being both entirely compofed of volcanic matter, I need not 
trouble you further on their fubjeCt; I will only mention a 
Vol. LX XVI. C c c curious 
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curious circumftance in the natural hiftory of birds, of which 
I was informed by an officer of the garrifon of Ventotiene, 
who is a great fportfman, and flioots often in the ifland of St. 
Stefano, inhabited only by hawks, and a large kind of fea- 
gulls; but is occafionally vifited, as a refting place, by divers 
forts of birds of paffage. In the mouth of May great flights 
of quails arrive there from Africa, fpent with fatigue; and 
many of them fall an eafy prey for the hawks and lea-gulls j 
but, as their arrival depends upon one prevailing wind, there is 
often an interval of many days between one flight and another. 
My informer affined me, that the hawks con flantly, during the 
flights, make a proviflon of each day’s prey, laying them up 
in feparate heaps of fix or feven near their haunts, always 
feeding firft upon thofe of the oldeft date. The fea-gulls have 
not the fame forefight, but greedily fall upon their unhappy 
vi&ims in their languid ftate before they reach the Ihore, and,, 
having beat them down into the fea, fwallow numbers of them 
whole. Extraordinary as this may appear, yet as faCts related 
by perfons of credibility in any branch of natural hiftory 
are always pleafing, I thought you would excufe this digref- 
fion. Give me leave likewife to add, for the information of the 
curious in antiquities, that, during my flay in the ifland of 
Ventotiene, I got out of the ruins of an elegant ancient bath 
(fuppofed to have been built for the ufe of Julia, daughter of 
Augustus, whilft (he was in exile here) a fragment of a tile, 
on which are ftamped the following characters in baflo relievo, 

HACINI 

IVLIAI 

AVGVS. F 

which, according to the interpretation of a celebrated anti¬ 
quary at Naples, mean Opus Hacini ad commodum Balnei 
Julias, Augusts faftum. I was informed, that leveral entire 

tiles. 
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tiles, with a like infcription, had been dug up on the fame fpot, 
and had been made ufe of in building the church and bat racks 
newly erected in this ifland. Another fragment of a tile was 
likewife found here, and given to me, with the following 
infcription: 

SAB. A PI. 

which the fame antiquary explains, sabinae avgvstae, Pias 
Imperatrici dicatum Balneum ; but, I believe, there is no men¬ 
tion in ancient authors of Sabina having been at Pandataria : 
of Julia’s banifhment to this ifland there can be no doubt. 

Between Ventotiene and the ifland of Ponza, and from the 
latter at the diftance of about twelve miles, a group of rocks 
rife feveral feet above the furface of the fea. They are called 
the Boite , and are compofed of a compact lava; probably they 
are the fmall remains of another volcanic ifland, the fofter 
parts of which may have been carried off and levelled by the 
a&ion of the lea, which is open and violent here. 

The 20th of Augult I arrived at the ifland of Ponza, about 
thirty miles from Ventotiene, and the next day I went round 
it in my boat. It is near five miles long: its greateft breadth 
not more than half a mile, and in fome parts not more than 
five hundred feet. It is furrounded by innumerable detached 
rocks, fome of them very high, and moll of which are of 
lava; in many are regularly formed hafaltes, but none in large 
columns. In fome parts the bafaltes have a reddilh tint of 
iron ochre, are very fmall, and irregularly laid one over another. 
Some mafles of them are in a perpendicular, others in an hori¬ 
zontal, and others again in an inclined pofition: and the rocks 
themfelves, in which thefe mafles are found, are lava of the 
fame nature as the bafaltes. At firll fight thefe rocks have 
very much the appearance of the ruins of ancient Roman 

C c c 2 brick 
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brick or rather tile buildings, as may be feen in. the drawing 
(fee Tab. XL fig. i.) taken on the fpot. One rock, as appears 
in the drawing (fee Tab. XII fig. 4*) h compofed of large 
fpherical bafiltes; and in many parts of the ifland I found the 
lava had inclined to take the like lpherical form, though on a 
much fmaller fcale, fome of the firft mentioned round bafaltes 
being near two feet in diameter. All thefe rocks have certainly 
been detached by the adlion of the fea from the ifland, which 
is intirely compofed of volcanic matter, lava’s, and tuffa s, of 
various qualities and tints, green, yellow, black, and white. 
Some of the tuffa’s, as well as the lava’s, are of a texture 
more compact than others; and in fome parts of the ifland 
great trafts feem to have undergone the fame operation as is 
mentioned in one of my former communications to be in full 
force at a fpot called the Pifciarelli, on the outfide of the Sol- 
faterra, near Puzzole, and where a hot fulphureous vitriolic 
acid vapour converts all which it penetrates, whether lava’s, 
tuffa’s, volcanic afhes, or pumice flones, into a pure clay, 
moftly white, or with a light tint of red, blue, green, or 
yellow. The appearance of a tradl of volcanic country, which 
has undergone this operation, is well exprelfed in the view of 
the infide of the harbour of Ponza (Tab. XI. fig. 2.). But I 
was fo ftruck with the beautiful and uncommon appearance of 
one of thefe high volcanic grounds converted to a pure light- 
coloured clay (Tab. XII. fig. 1.) in contrail: with a neighbour¬ 
ing dark bafaltic rock, that I caufed the drawing, which 
accompanies this letter (fee Tab. XII.) to be made on the fpot. 
You, Sir, who have feen fuch a variety of countries, will ftill 
think this view Angular and beautiful. I can allure you, it is 
veiy exadt, except the rock of round bafaltes (fig. 4.) which, 
in nature, is at a diflance from this fpot, and only placed here 

to 
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to illuftrate what I have written on its fubjeCh In one part of 
the ifland there is a fort of tuffa, remarkably good for the pur- 
pofe of building. It is as hard as our Bath Hone, and nearly 
of the fame colour, without any mixture of fragments of 
lava or pumice ftone, which ufually abound in the tuffa’s in 
the neighbourhood of Naples, Baia, and Puzzole. 

The drawing (fee Tab. XI.), which is a view of the harbour 
of Ponza, will give you a very good idea of the appearance of 
the ifolated rocks of lava and bafaltes which have been fepa- 
rated, by the force of the fea, from the fofter parts of the 
ifland, and of which there are an infinite number, as you will 
fee in the exaCh geometrical plan of the ifland of Ponza (Tab. 
X.), which likewife accompanies this letter. 

When I was lafl in England, I inquired of many of the 
manufacturers of glafs, whether it had ever happened, that 
the glafs cooling in their furnaces had taken any diftinCt forms 
like prifms or cryftallizations ; but I got no fatisfaftory anfwer 
until I applied to the ingenious Mr. Parker, of Fleet-ftreet, 
who not only informed me, that, fome years ago, a quantity 
of his flint glafs had been rendered unferviceable by taking 
fuch a form in cooling; but alfo gave me feveral curious fpeci- 
mens of the glafs itfelf: fome of them are in laminae, which 
may be eafily feparated ; and others refemble bafaltic columns 
in miniature, having regular faces. I was much pleafed with 
this difcovery, proving to me, beyond a doubt, the volcanic 
origin of moft bafaltes. Many of the rocks of lava of the 
ifland of Ponza are, with refpeCfc to their configurations* 
jftr ikin gly like the fpecimens of Mr. Parker’s above-men¬ 
tioned glafs, none being very regularly formed bafaltes, but all 
having a tendency towards it. Mr. Parker could not account 
for the accident that occafioned his glafs to take the bafaltic 

forms; 
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forms; but I have remarked, both in Sicily and at Naples, 
that fuch lava’s as have run into the fea, are either formed into 
regular bafaltes, or have a great tendency towards fuen a form. 
The lava’s of Mount Etna, which ran into the fea near lacci, 
as appears in my account of them in the Campi Phlegrsci, aie 
perfect bafaltes; and a lava that ran into the fea from Mount 
Yefuvius, near Torre del Greco, in 1631, has an evident ten¬ 
dency to the bafaltic forms. On Mount Vefuvius I never 
found any thing like columns of bafaltes, except the above- 
mentioned at Torre del Greco, and fome fragments of very 
complete ones, which I picked up near the crater, after 
the eruption of 1779, and which had been thrown out of the 
mouth of the volcano. 

The ifl.md of Palmarole, which is about four miles from 
Ponza, is not much more than a -mile in circumference, is 
compofed of the fame volcanic matter, and probably was once 
a part of Ponza; and indeed it appears as if the ifland of 
Zannone, which lies at about the fame diftance from the ifland 
•of Ponza, was once likewife a part of the fame ifland of Ponza; 
for many rocks of lava rife above water in a line between 
the two laft mentioned iflands, and the water is much fhal- 
lower there than in the other parts of the gulph of Terracina. 

The ifland of Zannone is larger and much higher than Pal¬ 
marole, and the half of the ifland nearelf the Continent is 
compofed of a lime-ftone, exactly fimilar to that of the Apen¬ 
nines, on the Continent near it; the other half is compofed of 
lava’s and tuffa’s, refembling in every refpetl the foil of the 
■other iflands juft deferibed. Neither Palmarole nor Zannone 
are inhabited; but the latter furniflies brulhwood in abun¬ 
dance for the ufe of the inhabitants of Ponza, whole number, 
including the garrifon, amounts to near feventeen hundred. 

The 
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The uninhabited ifiand of St. Stefano furnishes fuel in the like 
manner for the inhabitants of Ventotiene. 

It is probable, that all thefe iflands and rocks may in time be 
levelled by the action of the fea. Ponza, in its prefent {late, 
is the mere Ikeleton of a volcanic ifiand, as little more than its 
harder vitrified parts remain, and they feem to be flowly and 
gradually mouldering away. Other new volcanic iflands may 
likewife be produced in thefe parts. 

The gulphs of Gaeta and Terracina may, in the courfe of 
time, become another Campo Felice *; for, as has been men¬ 
tioned in one of my former communications on this fubjedfc,. 
the rich and fertile plain fo called, which extends from the 
bay of Naples to the Apennines, behind Caferta and Capua, 
has evidently been inti rely formed by a fucceffion of fuch vol¬ 
canic eruptions. Vefuvius, the Solfaterra, and the high volca¬ 
nic ground, on which great part of this city is built, were 
once probably iflands; and we may conceive, the iflands 
of Procita, Ifchia, Ventotiene, Palmarole, Ponza, and Zan- 
none, to be the outline of a new portion of land, intended by 
nature to be added to the neighbouring Continent; and the 
Lipari iflands (all of which are volcanic) may be looked upon 
in the fame light with refpedt to a future intended addition of 
territory to the ifiand of Sicily. If you cafi: your eye, Sir, on. 
the map at the head of my defeription of the Campi Phlegraci, 
you will better underftand my meaning. 

* The governor of the caftle of Ponza, who has refided there fifty-three years, 
told me, that the ifiand was fttll fabject to earthquakes; that there had been one 
violent fliock there about four years ago; but that the raoft violent one he ever 
felt there was on the very day and hour of the great earthquake which deftroyed 
Lifhon; that two houfes out of three, which were then on the ifiand, were thrown 
down. Thisfeems to prove, that the volcasic matter, which gave birth to thefe. 
iflands, is not exhausted* 
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The more opportunities I have of examining this volcanic 
country, the more I am convinced of the truth of what I have 
already ventured to advance, which is, that volcanoes Ihould 
be confidercd in a creative rather than a deftruCtive light# 
Many new difcoveries have been made of late years, particu¬ 
larly, as you well know, Sir, in the South-Seas, of iflands 
which owe their birth to volcanic explofions; and feme, indeed, 
where the volcanic fire ftill operates. I am led to believe, that 
upon further examination, moft of the elevated iflands at a 
confiderable diftance from Continents would be found to have a 
volcanic origin ; as the low and fiat iflands appear in general to 
have been formed of the fpoils of fea productions, fuch as 
corals, madrepores, &c. But I will flop here, and not deviate 
from the plan which I have hitherto ftriCtly followed, of 
reporting faithfully to my learned Brethren of the Royal So¬ 
ciety fuch faCts only as come immediately under my own ob- 
fervation, and as I think may be worthy of their notice, 
and leave them at full liberty to reafon upon them. 

We may flatter ourfelves, as a very great progrefs has been 
made of late years in the knowledge of volcanoes, that by- 
combining fuch obfervations as we are already in pofleflion of, 
with thofe which may be made hereafter, in the four quarters 
of the world (in all of which nature feems to have operated in 
a like manner), a much better theory of the earth may be efta- 
blilhed than the miferable ones that have hitherto appeared. 

Thofe who have not had an opportunity of examining a 
volcanic country, as I have for more than twenty years, would 
little fufpeCt, that many curious productions and combi¬ 
nations of lava’s and tufFa’s were of a volcanic origin; efjpe- 
cially when they have undergone various chemical operations 
of nature, fome of which, as I have mentioned in a former 
4 commu- 
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communication, as well as in this, have been capable of con¬ 
verting tuffa’s, lava’s, and pumice ftone, into the pureft 
day. 

I have remarked, that young obfervers in this brar.cn of 
natural hiftory are but too apt to fall into the dangerous enos* 
of limiting the order of nature to their confined ideas: for 
example, fhould they fufpedt a mountain to have been a vol¬ 
cano, they immediately climb to its fummit to feek for the 
crater, and if they neither find one, or any figns of lava or 
pumice-ftone, dire&ly conclude fuch a mountain not to be 
volcanic: whereas, only fuppofe Mount Etna to have ceafed 
erupting for many ages, and that half of its conical part 
fhould have mouldered away by time (which would naturally 
be the confequence) and the harder parts remain in points, 
forming an immenfe circuit of mountains (Etna extending at 
its bafis more than one hundred and fifty miles) ; fuch an ob- 
ferver as I have juft mentioned would certainly not find a crater 
on the top of any of thefe mountains, and his ideas would be 
too limited to conceive, that this whole range of mountains 
were only part of what once conftituted a complete cone and 
crater of a volcano. It cannot be too ftrongly recommended 
to obfervers in this, as well as in every other branch of natural 
hiftory, not to be over-hafty in their decifions, nor to attribute 
every production they meet with to a fingle operation of na¬ 
ture, when perhaps it has undergone various, of which I have 
given examples in the ifland which has been the principal fub- 
je£t of this letter. That which was one day in a calcareous 
ftate, and formed by an infect in the fea, becomes vitrified in 
another, by the action of the volcanic fire, and the addition 
of fome natural ingredients, fuch as fea falts and weeds, and 
is again transformed to a pure clay by another curious procefs 
Vol. LXXVI. Ddd of 
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of nature. The naturalift may indeed decide as to the prefent 
quality of any natural produ&ion ; but it would be preemp¬ 
tion in him to decide as to its former ftates. As far as I can 
judge in this curious country, a£ive nature feems to be con- 
ftantly employed in compofing, decompofing, and recom- 
pofing; but furely for all-wife and benevolent purpofes, though 
on a fcaie perhaps much too great and extenfive for our weak and 
limited comprehenfion. 

I have the honour to be, with great regard and efteem, &c. 

W. HAMILTON. 

i 

POSTSCRIPT. 

THE earth is not yet fo perfectly quiet in Calabria and 
at Meffina, as to encourage the inhabitants to begin to re¬ 
build their houfes, and they continue to live in wooden bar¬ 
racks. There has, however, been no earthquake of confe- 
quence during thefe laft three months. My coftje&ure, that 
the volcanic matter (which was fuppofed to have occafioned 
the late earthquakes) had vented itfelf at the bottom of the 
fea between Calabria and Sicily, feems to have been verified 1 ; 
for the pilot of one of his Sicilian Majefty’s fciabecques, hav¬ 
ing fome time after the earthquakes caft anchor off the point 
of Palizzi, where he had often anchored in twenty-five fathom 
water, found no bottom till he came to fixty-five fathom, and 
having founded for two miles out at fea towards the point of 
Spartivento in Calabria, he ftill found the fame confiderable 
alteration in the depth of the fea. The inhabitants of Palizzi 
likewife declare, that during the great earthquake of the 5th of 
Februaiy, 1783, the fea had frothed and ‘boiled up tremen- 
doufly off their point. 
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EXPLANATION OP THE PLATES. 

Tab. X. Plan of the ifland of Ponza. 

Tab. XI. View of part of the infide of the harbour of the 
ifland of Ponza. 

Fig. i. Rock of lava, which in many parts is formed 
into regular fmall bafaltes of a reddilh caft, having 
probably been tinged with fome ochre. Moft of the 
detached rocks of this ifland refemble this. 

Fig. 2. See p. 374. 

Tab. XII. View taken from the outfide of the harbour of the 
ifland of Ponza, near the Lighthoufe. 

Fig. 1. Rock of volcanic matter converted to pure 
clay. 

— 2. Ditto, with ftrata of pumice-ftone. 

— 3. Rocks of lava inclining to take bafaltic forms* 

— 4, Rock compofed of fpherical bafaltes. 
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XIX. An Account of a new Electrical Fijh. In a Letter from 
Lieutenant William Paterfon to Sir Jofeph Banks, Bart. 
P. R. S. 


Read May u, 1786. 


SIR, 


W HILE at the iflatid of Johanna, one of the Comoro 
iflands, in my way to the Eaft-Indies, with the 98 th 
Regiment, I met with an ele&rical fifh, which has hitherto 
efcaped the obfervation of naturalifts, and Teems’ in many re- 
fpeds to differ from the ele&rical fifheS already delcribed; 
which induces me to fend you the following account of it, 
with a very impferfeCt Drawing, and to beg that, if you think 
it deferves attention, you will do me the honour of prefen ting 
it to the Royal Society. The fituation of a fubaltern officer, 
in an army upon foreign fervice, will, I hope, fufficiently 
apologize for my fending you fo very imperfect a Iketch of 
the fifh, which was made in the field, in a hot climate, under 
every difadvantage. 

The fifh is feven inches long, two inches and a half broad, 
has a long projecting mouth, and feems to be of the genus Te- 
trodon. The back of the fifh is a dark brown colour, the belly 
part of lea-green, the fides yellow, and the fins and tail of a 
fandy green. The body is interfperfed with red, green, and 
white fpots, the white ones particularly bright; the eyes large, 
the iris red, its outer edge tinged with yellow. (See Tab. XIII.) 

a The 
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The ifland of Johanna is fituated in latitude 12 0 13' fouth. 
The coaft is wholly compofed of coral rocks, which are in 
many places hollowed by the fea. I11 thefe cavities I found 
feveral of the electrical filhes. The water is about 56° or 6o° 
of heat of Fahrenheit’s thermometer. I caught two of 
them in a linen bag, doled up at one end, and open at the 
other. In attempting to take one of them in my hand, it 
gave me fo fevere an electrical fhock, that I was obliged to 
quit my hold. I however fecured them both in the linen bag, 
and carried them to the camp, which was about two miles 
diftant. Upon my arrival there, one of them was found to be 
dead, and the other in a very weak ftate, which made me 
anxious to prove, by the evidence of others, that it poffeffed 
the powers of eledricity, while it was yet alive. I had it put 
into a tub of water, and defired the Surgeon of the regiment 
to lay hold of it between his hands; upon doing which he 
received an evident eledrical ftroke. Afterwards the Adjutant 
touched it with his finger upon the back, and felt a very flight 
fhock, but fufficiently ftrong to afcertain the fad. 

After fo very impeded an account, I will not trouble you 
with any obfervations of my own upon this lingular fifh; but 
beg you will confider this only as a diredion to others who 
may hereafter vilit that ifhnd, and from their lituation, and 
knowledge in natural hiftory, may be better able to delbribe 
the fifh, and give an account of its eledrical organs. 

I have the honour to be, with great efteem, &c. 

W. PATERSON, 
Lieutenant 98th regiment. 





XX. Obfervatwn of the Tranfit of Mercury over the Sun's Difc, 
made at Louvain, in the Netherlands, May 3, 1786. By 
Nathaniel Pigott, Efq* F. R. S. 


Read June 15, 1786. 

Louvain, May 15, 1786. 

T HE tranfit of Mercury was to happen a few days after my 
arrival at this place from England. Although 1 brought 
no aftronomical inftruments with me, I wifhed to obferve 
this phasnomenon; and upon application to M. Thysbaert, 
President du College Royal , a very diftinguiftied Member of this 
Univerfity, he fupplied me, in the politeft manner, with the 
following inftruments, and a convenient place for the ob- 
fervation. He carried his attention to the moft trifling circum- 
ftances, in order to make my fituation, in every refpe£t, 
agreeable. The inftruments he provided me with were a 
Gregorian refledfcor of 21 inches focal length, with an aperture 
of 4i inches, the magnifying power of which I efteemed about 
70 or 80, with a good quadrant 18 inches radius, and a com¬ 
pound pendulum clock, fteadily fixed, beating dead feconds. 
Thefe inftruments were made in London, and ufed for the 

obfervation 
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obfervation of Mercury. The rate of the clock, and the appa¬ 
rent times thence deduced, were obtained by equal altitudes of 
the fun, taken with the quadrant. Thefe were the only in- 
ftruments I had, and therefore fuch obfervations as are not 
dependent on the msafure of time , are to be confidered as made 
by eftimation; however, the moft important, the internal and 
external contacts of Mercury, and hence the egrefs of his 
center and the interval of time between the two-contacts, were 
made in a very fatisfaftory manner. About fix o’ clock, when I 
attended for the obfervation, there being a great number of 
folar fpots. Mercury might eafily have been miftaken for one; 
but his motion foon removed every doubt in that refpedt. Flying 
clouds obfc»red the fun at intervals; but during the laft half 
hour, the weather was fine, the Iky clear, the limb of the 
fun well defined; Mercury round and very black. There 
fee ms to have been fome miftake, in refpcct of this phenome¬ 
non, either in the calculation or the printing of the Cm- 
noijfance de* Temps of this year: the emerfion of the center of 
Mercury is there fet down at 19 h. 45' apparent time at Paris; 
whereas, by my obfervation, the egrefs of the center at Lou¬ 
vain was at 20 h, 28^ or if' apparent time. Taking here 
no other equation into coufideration, except the difference of 
meridians between Paris and Louvain, which, by a great 
number of obfervations, I determined in 1775 t0 he f 37 '‘ m 
time *, the emerfion of the center at Paris mu ft have been at 
20 h. 37' 51" or 52", which differs nearly 53'from the com¬ 
puted time. By the fame reafoning, I fhould fuppofe, that 
the emerfion of the center of Mercury at Greenwich was ob- 
ferved at 20 h. 28' 35" or 36 // . Mercury being fo very near 

* See Philofophical TranfkSioas, vol. LXVIH. p. 654. ^ 
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the earth, the effe&s of parallax rouft be confiderable, and the 
weftern fituation of Greenwich of 18' 53" in time from this 
place, muft occafion a retardation, which, 011 computation, 
may be hereafter allowed for, and added to the fuppofed time of 
the egrefs above-mentioned, deduced from my obfervation here. 

While I am writing this Paper, the refpe&ive fituation of 
Greenwich and Louvain ftrikes me. The latitude of Green¬ 
wich is 51 0 a8 / 40", that of Louvain 50° 53'' the dif¬ 

ference little more than half a degree. Greenwich is 9' 16'" 
weft, and Louvain f 37" eaft of the Paris Obfervatory; the 
parallax above-mentioned is therefore nearly, but in a contrary 
fenfe, equal at the two places, and thus the effefts of both are 
compenfated relatively to Paris. What other advantage may 
refult from this circumftauce, would require confideration. I 
have not leifure, at prefent, to revolve it in my rnind, as I am 
defirous to lay this Paper before the Royal Society as foon as I 
can, by the favour of Dr. Maskelyne, our Aftrotiomer Royal. 

* See Philofophical Tranfactions, vol, LXVIII. p. 643. 
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Observations of the Tranfit of Mercury at Louvain, 



Apparent time. 

18 32 30 flying clouds; Mercury ill defined, frith 


mg. 

ip 15 30 the fpot (tf) appears thrice as large as Mercury ; 
fpot (b) twice ditto, 

ip 16 30 a perpendicular from the fun’s limb on E. W. 
bife&s Mercury and (b). 

ip 27 30 perpendicular, as above, e<jui-diftant from (d)and(£). 
Vol. LXXVL Eee Apparent 
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Apparent time. 

H. M. $* 

ip ^4 30 perpendicular, as above, bifedtsMercury andIpot (cty* 
ip 42 30 perpendicular from Mercury on E. W. is beyond 
ipot (./). 

19 45 3° i £ ‘ 1S feebly beyond fpot (a). 

20 12 30 perpendicular from the fun’s limb on E. W. equi- 

diftant from (a) and (r). 

20 27 30 Mercury very black, round and well defined. 

20 45 41 internal contact; perhaps a few feconds too foon- 
20 47 26 emerfion of center by tJtimaUon . 

20 4p 16 external contadE 

20 49 41 Mercury certainly clear of the fun* 

a. b. c. d. d. d. are fpots in the fun ; Z. zenith 5 
E. Eaft ' y W. weft of the folar difc. 

The internal contaft being at 20 h. 45' 41", and the ex¬ 
ternal at 20 h. 49' 16 // , the emerfion of the center of Mer¬ 
cury muft have been at 20 h. 47' 28"! ; which differs only 2f 
feconds from the eftimated timeand the duration of total 
egrefs was 3 m. 35 f. 

N. B, The reafons why the nine firft obfervations are all 
marked at 30" is, that in reality they were fet down at the 
minute only; and that I have added i' 30" to each to reduce the 
time by the clock to apparent time; more nicety would have 
been fuperfluous; but the jour laft were rigoroufly computed.. 
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XXI. Obfervation of the late Tranft of Mercury over the Sun , 
obferved by Edward Pigott, Efq. at Louvain in the Nether¬ 
lands ; communicated by him in a Letter to Nevil Malkelyne, 
D. D. F. R. S. and Afronomer Royal, 

Read June 15, 1786* 


SIR, Louvain, May 27, 1786. 

W E have been fortunate here in feeing Mercury’s eg refs. 
I obferved it thus : 

Apparent time, May 3. 

H. M. s . _ . . 

20 45 25 Mercury’s limb in contact with the funs limb; 

uncertain. 

20 45 37 ditto ditto; certain. 

20 47 17 Mercury bifedted by .the fun’s limb. 

r Mercury quite out: clouds for a Ihort interval, 
^ 1 which renders the obfervation rather doubtful. 

Though the air was not perfectly free from thin clouds, 
neverthelefs the limbs were well defined. At 20 h. 45' 2 $", 
when I firft judged Mercury’s limb in contact with the fun’s, 
his form, I think, became rather oval Thefe obfervations 
were made with Ramsden’s two-feet achromatic, magnifying 
about 70 times. The above times difagreeing fo conliderably 
with the tables will, I imagine, not a little furprife M. de 
X>A LANDJE. 

I remain, Sir, with great regard, &c. 

EDW. PIGOTT. 
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XXII, Additional Obfervations on making a Thermometer for 
meafuring the higher Degrees of Heat . By Mr , Jofiafa 

Wedgwood, F. R. S. and Potter to Her Majejiy. 


Read June 22, 1786. 


M Y thermometer for meafuring the higher degrees of heat 
having been honoured with the notice of this illuf- 
trious Society, I now requeft a further indulgence for a few- 
more obfervations on the fame fubjeffc. 

In my firfl Paper * I communicated every thing that expe¬ 
rience had then taught me, refpedting both the conftrudtion and 
ufe of this thermometer % but more extenfive praftice has fince- 
convinced me, that other managements and precautions are 
neceflary, in order to bring it to the perfection it is capable of 
receiving: for pieces made of the fame clay, and exactly of 
the fame dimenfions, have been found to differ in the degree of 
their diminution by fire, in confequence of foine circumftances 
in the mode of their formation, at that time unheeded, and 
very difficult to be developed. 

Of the two ways propofed for forming them, the mould 
and the prefs, the former was made choice of, as being, for 
general ufe, the moft commodious. The fbft clay was preffed 
into a fquare mould with the fingers; and the pieces, when 
dry, were pared down on two oppofite fides, by means of a 

* Phiiofophical Traafa&ions, VoL. LXXH.> 

paring 
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paring gage made for that purpofe, fo as to pdfs exn&ly to o at 
the entrance of the convergi.-g canal of the me.'kirn g gage. 

But the pieces thus termed have been found lii K le, in palling 
through ftrong fire, to receive a little alteration in then ‘"gure, 
which produces an uncertainty with refpeCt to their fc sequent 
meafurement: the two fides, inftead of continuing flat, be¬ 
come concave j the edges, both at top and bottom projecting 
beyond the middle part, fometimes very confiderably, as at a 
and b , fig. i- (Tab. XIV ) where AB reprefents a perpendicular 
feCtion of an unburnt piece, and ab a like fe&ion of the fame 
piece after it has undergone a heat of 160 degrees. This irre¬ 
gularity in the form, which is fenfible only after palling 
through the high degrees of fire, was oblerved in l'ome of 
the early experiments, but was not then looked upon as being 
productive of any error. 

On more attentively examining this matter, it appeared, that 
when the clay is prdfed into a mould, the furface in contaCt 
with the mould acquires a more compaCt texture than the inner 
part of the mafs;—that this compaCtnefs retrains, in fome de¬ 
gree, its diminution in the fire;—and therefore, that when 
this furface, or lels diminilhable cruft, is pared off from the 
two fides only, the piece mav be confidered as having its uppef 
and lower ftrata (AA and BB, fig i.) compoled of a lefs di~ 
tninilhable matter than the intermediate part, the neceliary 
coulequence of which ftrnfture will be fuch a figure as we find 
the pieces to aflume \ for if any ftratum in the mafs fhrinks 
lels than the reft, the extremities of that ftratum muft be left 
proportionably prominent. That this was the true caufe of 
the inequality, I was convinced by firing fome pieces unad- 
jnjied , with all their lurfaces entire, as they came from the 
mould; for thefe pieces, after paffing through the fame ftrong 
o fires 
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fires with the preceding, continued fiat, with the angles regu¬ 
larly (harp, and without the leaft fenfiblc prominence in any 
part. 

Some of the moulds, employed for this ufe, were made of 
plafter, a material more convenient for the workman than me¬ 
tal, as the pieces part more freely from it, but which contri¬ 
buted greatly to increafe the above-mentioned irregularity: for 
the plafter, by abforbing a portion of the water from the clay 
contiguous to it, renders the furface at the fame time, even at 
the inftant of contadt, much more confifient, and confequently 
more difficult to prefs into the angles of the mould; fo that \he 
outfides of thefe pieces were not only more 'comprejfed, but 
formed of clay of a different temper from the inner parts, being 
much drier or firmer; a circumftance which, as will appear 
hereafter, reftrains ftill more their diminution in the fire. 

The moulds were therefore laid afide, and the prefs adopted 
in their ftead; for as the foft clay, preffed in a cylindrical 
veffel, gives way and efcapes through an aperture made for that 
purpofe (by which means it is formed into long rods), the 
fides of the piece cannot be fuppofed to receive fo great a de¬ 
gree of compreffure againft the fides of the aperture through 
which it is delivered in this operation, as it does againft the 
fides of the mould, by which it is confined till every part has 
bom a preffure fufficient to force the clay into every angle, 
which is much greater than even a workman would imagine 
till he comes to try the experiment himfelf. 

But with this change fome new difficulties arofe; for pieces 
preffed through the fame aperture, and from the fame prefl-ful 
of clay, and adjufted, when dry, to the fame point in the 
gage, were found, after paffing together through the fame 

' ftrong 
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ftrong fires, to differ in their dimenfions from one another, in 
fome inftanees more than any of the preceding. 

Having hit erto paid no particular attention myfelf to the 
mere manual labour of prefling the clay, I determined, upon 
this event, to go through that and every other operation, how¬ 
ever Ample and feemingly infignificant, with my own hands. 
In doing this I obferved, that the power neceflary for forcing 
the clay through an aperture which bore but a fmall propor¬ 
tion to the diameter of the mafs of clay in the prefs, was fo 
great as to fqueeze out, along with the clay that fir ft paffed 
through, a confiderable portion of the water that belonged to 
the reft. From this over-proportion of water in the compofi- 
tion of the firft pieces they were foft and fpongy, and the fuc- 
ceeding ones more and more compact, till at length the clay 
proved fo ftiff as fcarcely to be forced through at all. 

Clay, containing different proportions of water, is well 
known to diminifh differently in drying; but it was not ima¬ 
gined that, when dry, there would be any difference in its 
fubfequent diminutions by fire. Experiments however, multi¬ 
plied in a variety of circumftances, fhewed decifively, what 
the pieces formed in the mould had given grounds to fufpedt, 
that tbofe formed of the fofteft clay, and which had under¬ 
gone the leaft prefl'u re, diminifhed moft in burning; and that 
the diminution is uniformly lefs and lefs, in proportion to the 
greater degr e of preilure or compa&nefs. 

The knowledge of the caufe of the irregularity fuggefted a 
remedy. 1 leffened the width of the prefs very much, fo as to 
bring the diameter of the mafs of clay, and that of the aper¬ 
ture through which it is delivered, to a nearer proportion, with' 
one another. A much lefs degree of force being novC' fufE- 
cient, the pieces, or rods, were proportionably more uniform, 

though. 
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though there was ftill a fenfible difference, in confiftence, be¬ 
tween thofe which were firft and laft preffed out from the fame 
mafs of clay. The intermediate ones, within a certain dif- 
tance from the two extremes, correfponded very nearly with 
one another; fo that by rejecting a fufficient number of the 
firft and laft, and ufing the intermediate ones only , the inequality 
may be confidered as almoft annihilated, 

I neverthelefs ftill found that, in ftrong fire, the edges be¬ 
came a little prominent, ^though not fo much as before. I 
was aware that thefe pieces muft partake, in fome degree, of 
the imperfection of thofe made in the mould; having their 
lurfaces rendered, by their friCtion againft the fides of the 
aperture, more compact than the inner part. But I fufpedted that 
fomething might depend alfo upon the form , and accordingly 
made many trials for afcertaining the form that might be leaft 
liable to this irregularity : the angles only were bevilled off, the 
fides were rounded, the pieces were rounded all over, made of 
ovals and other curves, and both the longeft and fhorteft di- 
menfions were ufed as the extent to be meafured: the general 
refult was, that the nearer they came to a circular figure, the 
lefs inequality they contracted in the fire, and by making them 
entirely circular, the imperfection appeared to be obviated alto¬ 
gether ; cylindric pieces bearing the ftrongeft fires without the 
leaft appearance of prominence or inequality in any part of 
their furface. I have therefore chofen this laft form, leaving 
only one narrow flat fide (ab, fig. 2 .) as a bottom for the pieces 
to reft upon, and to diftinguifh the position in which they are 
to be meafured in the gage. 

I have endeavoured at the fame time to obviate whatever 
inaccuracy the inequality of compaCtnefs may be capable of 
producing, by fo adjufting the aperture through Which the 

rods 
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rods are prefled, and on which their figure and dimenfions de¬ 
pend, as to fuperfede the ufe of the paring gage altogether; 
that the whole furface may remain of the fame uniform com- 
paCtnefs which it received in the prefs." And as it is fcarcely 
practicable, in any mode of forming foft clay, to have all the 
pieces precifely of the fame dimenfions after drying, I do not 
rejeCt thofe which come within two or three degrees of the 
fhndard, but, inftead of injuring the furface by paring or rub¬ 
bing, I mark on the ends the degrees which they refpe&ively 
exceed or fall fliort; which degrees are accordingly to be fub- 
flraCted, or added, in all obfervations of heat made with thofe 
pieces. StriCtly fpeaking, an allowance ought to be made alfo 
for the proportional diminution upon this excefs or deficiency 
itfelf; but the allowance for three degrees would not, at the 
melting heats of copper, filver, or gold, amount to more than 
a feventh part of a degree; and at the extreme point of heat 
that I have been able to attain, when the piece has diminifhed 
444, or nearly one-fourth of its whole thicknefs, it comes 
only to four-fifths of a degree. 

It may be proper to take notice of an irregularity in the 
apparent diminutions of the pieces, which was fometimes ob- 
ferved to happen from another caufe, their bending a little in 
ftrong fire, fo as to be prevented from going fo far in the gage 
as they would have done if they had continued perfectly 
ftraight. But as this takes place only in pieces of confiderable 
length, and as they derive no advantage of any kind from that 
length, the remedy is too obvious to need being here men¬ 
tioned. 

Another fallacious appearance arofe, not from any imper¬ 
fection in the pieces themfelves, but from a deception with 
refpeCt to the heat in which the companion of them had been 
Vol. JLXX.VI. F f f made. 
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made. In one period of the courfe of my experiments, I 
employed, for firing them, a fmall, (hallow, cylindrical veffel 
(fig, 3 ,) fetting the pieces on end, clofe together, on its bot¬ 
tom, and placing it in the middle of the fuel, in a common 
air-furnace, with care to keep the fne as equal all round it as 
poffible. It was expe&ed, that all the pieces would receive an 
equal heat; and as they were found, after the operation, to 
differ in their dimeniions, fometimes confiderably, from one 
another, thefe differences proved a fource of much perplexity, 
till it was difcovered that the pieces had really undergone 
unequal degrees of heat. 

In the paper on the comparifon of this thermometer with 
Fahrenheit’s*, I have taken notice of the great difficulty of 
obtaining, in fmall furnaces, a perfectly equal beat, even 
through the extent occupied by a few of thefe little pieces t 
and how different the heat may be in different parts of one 
veffel, we may be fatisfied by an eafy experiment, viz. fetting 
a cylindrical rod of clay, of the length of eight or ten inches, 
upright in the middle of a crucible, and urging it with ftrong 
fire in a common fmall furnace; the rod will be found very 
differently diminifhed at different parts of its height; and if 
its height be fufficient to reach fome way above the fuel, 
nearly the whole range of the thermometric fcale may be pro¬ 
duced in one rod; an ocular proof, not only of the diverfity 
of heat within a fmall compafs, but likewife of the peculiar 
fenfibility of this thermometer, every part of the mafs ex* 
prefling diffindtly the degree of heat which it has itfelf felt. 
It will be proper, in this experiment, to have a tube fixed in 
the bottom of the crucible, for keeping the rod ffeady, as at 
fig. 4. By this means the heat of my air-furnace renders a 

5 Philofophical Tranfa£tious> vol* LXXIV» 
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rod of the thermometric clay tapering, from about four parts 
in diameter at top to three at bottom, which are nearly the 
proportions between the width of the piece when unburnt, or 
but juft ignited, and when it has fuffered a heat of 160 degrees. 

To the foregoing fources of inequality in the pieces, one 
more may be added, fmall cavities, or air* bubbles accidentally 
inclofed, which fometimes happened in the earlier experi¬ 
ments. In order to prevent thefe, particular attention is now- 
paid by the workmen to what we call handing or flapping the 
clay, an operation by which its different parts are intermixed, 
and the mafs rendered of an uniform temper throughout. The 
workman takes a lump of the clay in his hands, perhaps of two 
pounds weight, and, breaking it in two in the middle, lays one 
part upon the other, and preffes them flat again, repeating this 
forty or fifty times, or perhaps oftener. Now, confidering the 
pieces at firft as two diffimllar mafles, with any number of air- 
bubbles inclofed; each of thefe pieces being by the firft 
doubling divided into two, by the next into four, by the third 
into eight, and fo on in geometrical progreflion, each of the 
original mafles will be divided by the fiftieth repetition into 
upwards of eleven thoufand millions of millions of invifible 
laminae:—invifible, becaufe the lump of clay would, long 
before the laft doubling, be of one uniform colour, though at 
firft one-half of it had been black, and the other white. If 
therefore no air be inclofed between the pieces at the times of 
their being put together in this procefs, all the air which might 
have been in the mafs before would certainly be driven out; 
and, to avoid as much as poflibie the introduction of any frefh 
portions of air, the two feparated pieces are each time made 
fmooth, and a little convex, on the furfaces that are to be 
brought together. 

F f f 2 By 
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By due attention to the circumftances above ftated, any Tingle 
quantity of clay may be made up into thermo me ter-pieces, that 
ffiall differ very little, if any thing at all, from one another. 

But a new difficulty now arofc, more embarraffing than any 
of the former; that of procuring freffi fupplies of clay, of 
the fame thermometric quality with the firft. The quantity 
of the clay which, after trial of many others, I had made choice 
of, was fmall; but the particular fpot it was taken from being, 
known, and having purchafed the little eftate in which it was 
raifed, I had not a doubt of obtaining more of the fame when 
it ffiould be wanted : for clays in general, when raifed from an. 
equal depth, in the fame ftratum, and near the fame place, 
are found to poffefs the fame properties, with refpeft to ducti¬ 
lity in the hands of the workman, a difpofition to affume by 
fire a porcelain or vitreous texture, fingly or in compofition, 
and all other qualities relative to their ufe in pottery. In this, 
however, I was deceived ; for when a freffi fupply was wanted, 
to complete my experiments, though I had fome taken from a 
pit joining to the firft, and at the fame depth, it was found to 
diminiffi differently from the former parcel. I then had fome 
raifed from different parts of the fame field and bed, and at 
different depths; and in various other places in Cornwall, from 
the fpot where this fpecies of clayis firft met with to the Land’s- 
End; but all thefe clays differed fo much from the firft in the 
quantity of their diminution by fire, and moft of them like- 
wife from each other, that I defpaired of being ever able to 
find one that would correfpond with it, or any natural clays, 
that could be obtained twice of exaftly the fame thermometric. 
properties, how fimilar foever in other refpe&s. 

Upon a review of the numerous comparifons which I have 
made of thefe new clays, in different degrees of heat, from the 

com.- 
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commencement of rednefs up to intenfe fire, the mod ftriking 
differences of the greateft part of them from the old feemed to 
originate in the lower ffages of heat; and of thofe which were 
got from the neighbourhood of the old, the variations from it 
in the higher ffages feemed, for the raoft part, to be only con¬ 
sequences of thofe differences in the lower ones. 

I have mentioned, in the firft Paper, that the original ther- 
mometer-pieces had their bulk enlarged a little on the approach 
of ignition ; but that by the time they became vifibly red-hot 
throughout, they are reduced to their former dimenfions again ; 
and at this moment the thermometric diminution begins. The 
new clays had their bulk enlarged in a much greater propor¬ 
tion, and the enlargement was of much longer continuance t 
fome of them required a heat of 15 degrees to deftroy the in- 
creafe which ignition had produced in their bulk, and bring 
them back to their original dimenfions: after this period, raoft 
of them diminiflied pretty regularly, and uniformly with the 
old, being nearly fo many degrees behind it, in all the fuc- 
ceeding ffages of heat, as they required to bring them back 
from the enlarged ftate. 

I have mentioned alio, in my former paper, that a quantity 
of air is extricated from the clay, moft rapidly at the period in. 
which the augmentation of bulk takes place; and that the 
augmentation was probably owing to this air forcing the par¬ 
ticles of the clay a little afunder, previous to the inftant of 
its efcape. It was therefore prefumed, that the greater exten- 
fion of thefe new clays might be owing, either to a greater 
quantity, or ftronger adhefion, of this combined air: and as 
clay, kept moift for a length of time, in .certain circum¬ 
stances,, undergoes a procefs feemingly analogous to fermenta- 
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tion, it was hoped that, by fuch a procefs, part of its com¬ 
bined air might be detached. 

But experiments made on this idea have proved, that thefe 
clays, kept moift for a twelvemonth,—kept for a confiderable 
length of time in a heat juft below vifible rednefs,—boiled iu 
water for many hours,—alternately, and repeatedly, moiftened 
and dried,—fufter no alteration in their thermometric proper¬ 
ties, and continue to differ from the ftandard clay juft as 
much as they did at firft. 

Some of thefe new clays differed from the old in a property 
foil more effential, and by which I was much more difconcerted ; 
for though they continued diminishing with tolerable regu¬ 
larity, keeping only fome degrees behind it, up to a certain 
period of heat, about that in which caft iron melts ; yet many 
of the pieces, urged with a heat known to be greater than 
that, were found not to be diminifhed fo much as thole which 
had fuffered only that lower heat. Further experiments 
ihewed, that, after diminifhing to a certain point, they begin, 
upon an increafo of the heat beyond that point, to fwell again 
and as this effect is conftant in certain clays, and begins earlieft 
in thofe which are moft vitrefcible, and as clays are found to 
fwell upon the approach of vitrification, I look upon this fe-' 
cend enlargement of bulk, however* inconfiderable, as a fure 
indication of the clay or compofition having gone beyond the 
true porcelain ftate, and of a difpofition taking place towards 
vitrification; which ftage is always, fo far as my experience 
reaches, attended with a new extrication of air; and in fome 
inftauces, this air being unable to make its elcape from the 
tenacious mafs that envelopes it, the burnt clay is thereby lb 
much increafed in bulk as to fwim on Water like Very light 
4$tod, The degree of heat therefore, at which this enlarge¬ 
ment 
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ment begins, may b* cuufidered as a criterion of the degree of 
vitrefeibility of the compoiumn ; which points out a new ufe 
of this the rmometer, cnabliiu t*'- to ascertain the degree oj vt~ 
trefcibility of bodies that cannot .iv.li .sly he vitrified by any 
fires which our furnaces are capable iu producing. 

All my refearches among the natural clays proving fruitlefs, 
and the experiments having lhewn that all thole, which could 
fufficiently refill vitrification, diminifhed too Utile in the fire, 
I endeavoured to find a body poflelled of the oppofite property, 
that is, diminishing loo much , and, by a mixture of thefo two, 
to produce the medium diminution required. As I could not 
find any natural fubftance poflefled of that property, which 
would not at the fame time render the compound too virrcfciblc, 
I was obliged to have recourfe to l'ome artificial prep nation ; 
and as the earth of alum is the pure argillaceous earth, to 
which all clays owe their property of diminution in the fire, 
polMing that property in a greater or Ids degree according to 
the quantity of alum earth in their competition, I mixed fome 
of this earth with the clay, and found it to anfwer my wifhea 
completely, both in procuring the necefiary degree of dimi¬ 
nution, and increafing its unvitrefeibility. So little is this 
compound difpofed to vitrification, that the greatefl: heat I 
could give it, that of 160% did not even bring it to a porcelain 
texture, but lefjt it frill bibulous ; and as it does not arrive at 
the porcelain flatc in this fire, there can be no danger of its ap¬ 
proaching too neai to the vttrefeent in any heat that we can 
produce in a furnace. 

In order to obtain the exad medium required, I took one qi 
thebeft of the clays I had procured from Cornwall, and mixed it 
with different proportions of the alum earth, till the codipofi- 
tion was found, on repeated trials, to agree with the original 
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in all degrees of heat. This coincidence was not indeed effen- 
tial j but as many degrees of heat were already before the 
public, meafured by thermometer-pieces made of the firfl clay, 
and as the correfpondence of the firfl: with Faiireniifit’s 
fcale had like wife been in fome meafure ascertained, it was 
defirable that the fame degrees of heat fhould continue to be 
expreffed by the fame numbers. 

The alum earth is prepared for this purpofe by diffolving 
the alum in water, precipitating with a Solution of fixed alkali, 
and wafhing the earth repeatedly with large quantities of boil¬ 
ing water: when the earth has fettled, the water above it is 
let off by cocks in the fides of the hogfheads; and when the 
veffels are filled up with frefh water, care is taken to ftir up 
the earth from the bottom, and mix it thoroughly with the 
liquor. I find it moft convenient to ufe the earth undried, in 
its gelatinous ftate, as in this flate it unites eafily and perfedly 
with the clay; whereas, when the alum earth has concreted 
into dry maffes, great labour is neceffary to mix them uni- 
fermly together. 

I have tried Several different parcels of Englifh alum, from 
the fame and from different manufactories, and found no ma¬ 
terial difference in the quantity of earth it contains Nor 
indeed would it be of any confeqence if there was a difference 
in this refpeCt, as the proportion of alum earth neceflary for 

* A difference in the quantity of earth may arife from different proportions of 
Gxaueer’s fait and vitriolated tartar, of which I have found quantities veiy 
confiderable, but nearly alike, in all the Englifli alum I have examined. Thefe 
falts are doubtlefs formed by the kelp allies employed in the preparation of the 
alum. They are difeovered by calcining the dried alum with charcoal powder, 
which decompofes the alum only, leaving the other two falts intermixed with 
the alum earth, from whence they may be extracted by water. 


different 
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different clays, and even for different parcels of the fame clay, 
can only be afccitaincd by repeated trials, adding fucccffive 
quantities of the earth till the defired cffedl is found to be pro¬ 
duced. Ten hundred weight of the Cornwall porcclaiu clay 
which I have now in ufe required all the earth that was 
afforded by five hundred weight of alum. 

It is material in this place to obferve, that the earth of alunt 
is extremely tenacious of water, infomuch that, though appa¬ 
rently dry, the water and air amount to near as much as the 
pure earth, and are not to be completely driven out without a 
full red heat. When divided by the admixture of other earthy- 
bodies, it parts with its water eafier indeed than before; but a 
mixture containing fo much of it as the thermometric compo- 
lition does, is far more retentive of water than common clay, 
and requires to be kept for fome time in a heat equal to that of 
boiling water, before it is to be confidered as dry, that is, be¬ 
fore the adjuftment of the pieces in the gage. If they arc 
adjufted when only apparently dry, or of fuch a degree of 
drynefs as they can be brought to by a heat that the hand can 
bear, the heat of boiling water will diminifh them two or three 
degrees; and the greateft part of what they have thus been 
deprived of, they gradually recover again on being expofed to 
the atmofphere, fo that the adjuftment muft be made imme¬ 
diately after the boiling heat. 

By the fame expedient to which I have thus been obliged to 
have recourfe for procuring to the porcelain clay of Cornwall 
the ftandard degree of diminution, and refiftence to fire, the 
fame qualities may probably be communicated to any other clay 
that is tolerably pure from calcareous earth and iron; fo that 
the thermometer clay is no longer to be confidered as the pro¬ 
duce of any particular fpot (which was the principal incon- 
Vo t. LXXVI. Ggg venience 
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venience originally imagined to attend it), but may be pro¬ 
cured and prepared in all parts of the world where good 
common clay, and alum, are to be found; and corrcfponding 
thermometers may, coufbquently, be conftruCtcd, without 
any ftandard to copy from. For, if a converging canal be 
formed, of any convenient length, with the widths at the 
two ends in the proportion of 5 to 3 s with the, ftdes peife&ly 
ftraight, and divided into 240 equal parts, numbering the 
divifions from the wider end*;—and if a clay be obtained of 
fuch quality, that when formed, in the manner already men¬ 
tioned, into pieces of fuch fize as to enter to o in the gage or 
canal, thefe pieces fhall juft begin to diminilh, or go a little 
further in the canal, by a heat vifibly red;—go to 27, by the 
heat in which copper melts;— about 90 by the welding heat 
of iron; about 160, by the greateft heat that can be produced 
with coaked pit-coal in a well conftru&ed common air-furnace, 
about eight inches fquare, ftill continuing bibulous, fo as to 
ftick to the tongue: fuch gages, and pieces of fuch clay, fo 
adjufted, will always compofe corrcfpondent thermometers. 

Having mentioned occafionally feveral alternate periods of 
dilatation and contraction in clay, it may be proper to ftate, 
and bring into one view, the whole fucceflion of changes 
which I have obferved in this curious material; as othcrwife 
they might create fome confufion in the minds of thofe who 
have not had occafion to think attentively on this fubjcdt, and 
lead them to alk how a body fo variable, and liable to fuch 
oppofite changes from different degrees of heat, can yet be a 
juft meafure of thole degrees. 

* Or the divifions on the fide may be continued to 300; and in that cafe, 
inilead of the widths of the two ends being in proportion of the odd numbers 
5 and 3, the one will b<^ juft double to the other. 


The 
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The changes which take place in all the natural clays that 
Iiave come under my examination are fix. 

1. The fir ft is, the pinking of the moift clay in drying, 
from the mere lofs of its water. The purer the clay is, the 
more water it requires to fofton it, and the more it dimiiuihcs 
in bulk by the lofs of that water. 

2. The dry clay, gradually heated, preferves its bulk un¬ 
varied up to the approach of ignition. At this period it is 
enlarged a little; probably, as already obferved, from its com¬ 
bined air endeavouring to efcape. 

3. When this air has made its efcape, the clay begins to dimi- 
«ii{h, or to lofe the bulk it had before acquired ; and returns 
back, fooner or later, to the fame dimenfions which it was of 
when dry. It is at this point that the thermometric diminu¬ 
tion commences. 

4. From this point the clay continues to dttmnijb more and 
more in proportion as the heat is increalcd. This I call the 
thermometric fage of diminution : it is of greater or lefs extent, 
terminating at different periods of heat, according to the na¬ 
ture of the clay: in the ftandard thermometer clay, it com¬ 
mences with vifible ignition, and continues to (doubtlefs far 
beyond) the extreme heats of our furnaces, an interval con- 
fifting of 160 degrees of the fcale: in others, it begins 4, 6, 
and in fome even 15 of thofe degrees later, and terminates alfo 
much fooner: and in fome its whole extent is not above 20 
of the fame degrees. Throughout the greateft part of this 
ftage, the clays are found to retain their property of fticking 
to the tongue and imbibing water: between this bibulous ftatc 
and the vitrefeent there is an intermediate one, diftinguifhed by 
the name of porcelain ; and to the higher term of this porcelain 
ftate the ftage of thermometric diminution feems to continue. 

G g g % 5 - wljcii 
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5. When the clay has paffed the porcelain ftate, it begins to- 
be enlarged again, a fyraptom of the vitrefcent ftage being 
commenced; and in this period it fwells more or lefs, accord¬ 
ing to the nature of its compofition. 

• 6. By further heat the fwelled mafs, becoming fluid, fubfides, 

is converted into glafs or flag, aud contrasted into lejs volume 
than the clay occupied in any of its preceding ftates. 

It is plain, therefore, that clay can be a meafure of heat no 
further than from ignition, or that point beyond ignition where 
the third ftage terminates, to the beginning of the vitrefcent 
ftage; and that, as the three firft changes are completely paffed 
before the clay is applied to thermometric purpofes, being 
ftri&ly no other than preparatory procefles, the thermometer- 
pieces, whatever clay they may be made of (provided it is fufB- 
ciently unvitrefcible), are to be confidered as poffeffmg only 
the fourth ftage. But a Angular property of the compojition of 
clay and alum earth remains to be mentioned, viz. that it has 
really no other than this one ftage: it fuffers no enlargement 
of its bulk at ignition, or in any other period; but proceeds in 
one uninterrupted courfe of diminution, from the foft ftate in 
which the pieces are formed, up to the extreme fires of our 
furnaces. Though the diminution, however, is uninterrupted, 
it is at the fame time fo inconfiderable at the beginning, from 
the heat of boiling water (at which the pieces are adjufted) up, 
to ignition, that the fame point of vifible rednefs is taken for 
the commencement of the tcale, in this as in the original clay, 4 
without any fenfible error or variation in their progress. 

I am inclined to believe, though experiments have not yet 
enabled me to fpeak with certainty on this point, that the fame 
caufe which enlarges the natural clays on their firft: expofure to 
the fire, operates alio in this compojitm , but in a much lower 

degree $, 
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degree; that while the natural clays have their whole mafs 
diftcnded by the efforts of the air in forcing its paflagc, the 
co'npofuhn is only reftraincd in its diminution, or prevented 
from diminilhing fo faft as it otherwife would do, and as it is 
found to do in the fubiequent part of its couri'c, after the air 
lias cfcaped from it. 

As the compofition of clay and alum earth is far more tena¬ 
cious of water than the clay itfelf, and was found, after being 
dried by the heat of boiling water, to yield, by diftillation in a 
retort, above three times as much aqueous fluid as the original 
thermometric clay did; it ieems probable, that a part of tills 
water, retained to the approach of ignition, and in a ftate of 
chemical combination, may facilitate the paflagc of the air, 
ferving as a vehicle to convey it off through interflices not 
permeable to air alone, and confequently enabling it to efuape 
without doing that violence to the mafs, which the natural 
clays fuftain from the cxpulfion of their air after the water has 
been detached from it; for the experiments of Dr. Priestley 
have fhewn, that veflels even of burnt clay arc permeable to 
air when they have imbibed water into their fubftauce, though 
not at all fo in a dry ftatc. 

I have now communicated the refult of a furies of experi¬ 
ments which have taken confiderable time, attention, and 
labour to complete. Whether the importance of the object 
will juftify me in troubling this illuflrious Society with fo 
minute a detail of the moft material operations, and their 
refults, is not for me to determine. If the thermometer 
Ihould not yet be brought to the perfection that may be wifhed, 
1 flatter myfelf that fome abler hand may now take up the fub- 
jeCt to more advantage; and that philofophers and artifts will 

not 
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not be lefs fuccefsful in fupplying what may ft ill be deficient, 
and in afeertaining, by the conlraSlion of argillaceous matier, 
the meafurements and effects of the various degrees rhiough 
the immenfe extent of luminous fire, than they have been 
with refpeft to the limited and narrow compafs of low heat, 
which is meafurable by the expanfon of fluids. 
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XXIII. The Latitude and Longitude of York determined from a 
Variety of Afronomical Obfervations ; together •with a Recom¬ 
mendation of the Method of determining the Longitude of 
Flaces by Obfervations of the Moods Tranft over the Meri¬ 
dian* Contained in a Letter from Edward Pigott, Efq. 
to Nevil Malkelyne, D. D. F. R. S. and Afronomer 
Royal. 


Read June 29, 1786, 


SIR, Bootham, York, March 16, 1786. 

rip HE great number and variety of obfervations I have 
JL made for determining the longitude and latitude of 
York will, I believe, fettle thofe points very accurately: I 
therefore wilh to have them prefented to the Royal Society, 
and beg the favour of you to be at that trouble. The inftru- 
ments I ufed were a good gridiron pendulum clock, a 3 1 feet 
refle&or, an eighteen-inch quadrant by Bird, and a tranfit 
inftrument made by Sisson. 

The difference of meridians between Greenwich and York 
was found by the following methods. 


Occultations 



4io 


Mr. Pigo.t t’s Determination of 


Occultations of ftars by flic moon. 

App. time* 

' " T [York, immerfion of a ftar of the ninth magnitude 
11 34 44 2. { during the eclipfo of the moon ; good 

, Paris, at L’Obfcmtoircdcla Marine; ditto. 

II 49 39 i Ditto, by M. Messier, who determined its R.A. 

349 0 22' 17" and iouth declination 5° if 54". 
x4 26 28§ York, immerfion of <p Aquarii, inftantaneous. 

14 37 15I Greenwich, ditto. 

J York, immerfion of i Pifcium, inftantaneous : I find I 
8 1 2 4 [ wrote down the minute wrong, it is here corfedled, 

8 2 Greenwich, immerfion of ditto. 

Mr. Goodricke was fo obliging as to be at the trouble of 
computing thefe occultations, and fent me the refults as 
follows: 

By the ftar of the ninth magnitude - ** - 4 29 

By <p Aquarii — - “ — — 4 23 | Difference of 

By JPifcium compared to the Greenwich obfervation 4'30" j i meridians be- 

Ditto, to Mr. Wollaston's obfcrvation, - 4 28 J 4 “ j tween Green - 

- I wich and 

On a mean - — — 4 2 J York, 


1783 
Sept. 10 

o&. 7 
Dec. 30 


Obferved meridian R.A.’s of the moon’s limb. 

In 1783 this method of finding the difference of meridians 
occurred to me, and I wrote to Mr. Bayley, your late 
Affiftant, for information, being entirely ignorant it had ever 
been noticed; but have fince feen, Sir, that you mention it in 
your valuable Inftru&ions for the Obfervations of the Tranfit 
of Venus, annexed to the Nautical Almanac of 1769. I have 
alfo juft perufed on the fame fubject Abbe Toaldo’s ingenious 
pamphlet written in 1784, which you were fo kind as to fend 

7 me. 
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.me. Still I find that the great exa&nefs of this method is not 
fufpe&ed; I therefore ihall, in the latter part of this Paper, 
enter into forae neceffary detail, being convinced that, in a 
very fhort time, it muft be univerfally adopted, having every 
advantage over Jupiter’s firft fatellite, and but little inferior in 
precifion to occultations. 


Difference of our meridians by each obfervation. 


1781, Dec. 20. 

/ 

4 

94 

3 6 

17^ July 2. 

4 

2 3 

Dec. 29. 

4 

10 

Nov. 20. 

4 

2 3 

1782, June 17. 

4 

25 

Dec. 20. 

4 

27 

Nov. 30. 

4 

20 

Dec. 22. 

4 

20 

Dec. 18. 

4 

2 5 

1785, Mar. 19. 

4 

2 S 

1783, Nov. 3. 

4 

32 

Aug. 16. 

4 

22 

Dec. 6. 

4 

39 : 

Aug. 18. 

4 

3 6 

Dec. 30. 

4 

16 

Sept. 12. 

4 

35 

CO 

p 

w 

• 

4 

8: 

Sept. 17. 

4 

25 

May 25. 

4 

11 

Nov. 12. 

4 

34 




Nov. 14. 

4 

18 


4' 24''$ on a mean. 


Obfervations of Jupiter’s fir ft Satellite. 


Dates, &c. 

| App. time. 


1782, June 3. 

Iromerfions. 

h* / U 
t2 36 48 
12 51 9 

12 51 7 

13 57 40 

York, it immerged near Jupiter. 

Paris, M. Mechain. 

Paris, M. Cassini. 

Buda, Father Weiss. 
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Obfervations of Jupiter’s firft Satellite continued. 


Dates, &c. 


1782, July 21 

Eroerfions. 


Tmmer lions. 

Sept. 17 
Emeriions. 


Immerfions* 

Sept. 3 
Eraerfions. 

Sept. 5 

Eruerfions. 


App. time 

_ - -- 1 1 - ■ mm—****** !■!■ ■ ■■ » ■!.!■ I I II ■« H III 


J Jf 

9 35 t0 York. 

9 gg 21 ‘Greenwich, Dr. Maskelyne. 

9 48 54 Paris, M. Mechaxn ; high wind. 

9 48 46 Paris, M. Cassint. 

i° 55 15 Buda, Father Weiss ,* moon very near Jupiter* 


Jmmerfions* 


Immcrfions. 


12 

9 

5° 

12 

h 

20 

12 

24 

8 

9 

48 

*5 

9 

47 

44 

9 

40 39 

IO 

I 

0 

IO 

IO 

55 

10 

IO 

57 

10 

24 57 

14 39 

5 2 

14 

53 

51 

9 

8 

54 

9 

13 

*5 

9 

22 

18 

9 

22 

45 

II 

6 

9 

II 

6 

24 

II 

IO 

42 

It 

19 47 

II 

19 5° 

1 3 

37 

3 a 

*3 42 

I 

II 

53 

iS 

II 

57 

32 

12 

l8 

53 


Paris, M. Mechain ; 6 feet refleflor, magni¬ 
fying 450 times. 


JL v/* tv * jwuvt 

f By tables correfted by the obfervations of Green* 
1 wich and Marfcilles of July 31, l 7 &$* 


Obfer- 
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Obfervations of Jupiter’s firft Satellite continued. 
Dates, &c. App. time. 


II* t 

1785? Aug. 30 14 % 59 York; excellent; air remarkably clear# 

. 14 7 3 1 Greenwich; ditto. 

Immerfions. I+ 2 g 33 Majrlc m eS} M . Dcrnatii>. 

Sept. 15 1225 2 York; good. 

12 25 4 York, Mr. Goodricki: ; good; moon-light. 

Immerfions. 12 29 23 Greenwich; air clear. 

12 50 46 Marfeilles, M. Blrnaru. 

Nov. 18 7 58 6 Yotk. 

8 2 39 Greenwich; air very clear. 

Lmernons. 8 12 2 Paris, M. Muchain ; a thin cloud. 

Dee. 2 xi 44 24 York; Jupiter rather low. 

Emerfions. ix 49 13 Greenwich; ditto; air clear. 

By letters from M. Mechain, Buda is ill. 6 ' gf' call of, 
Paris, and Marfeilles alfo call o li. 1 2' 

I obferved with a 2} feet refieaor, which I believe to be 
about 1 o ' 7 of time inferior to the telcfcopes of Greenwich, 
Oxford, Paris, and Buda. As for' Marfeilles no mftrument is 
mentioned; therefore, except for that place, io // muft be added 
to my immerfions, and the fame fubtradlcd from the emerfions; 
then the difference of meridians between Greenwich and 
York will be as follows, when each of the obfervations is 
compared to mine, and a mean thereof taken. 


n h h * 


Immerfions 



4*4 


Mr. Pioott’s Determination of 


Immeriions. 


Emeriions. 


1783, June 3. 4 54 

1783, July 3- 4 3 6 

1784, Aug. 4. 4 3 6 

1785, July * 5 - 4 19 

July 31. 4 8 

Aug. 30. 4 3 

Sept. 15. 4 16 


1782, July 21. 4 2 9> 

1782, Sept. 17. 4 8- 

1784* Sept. 3* 4 53 
Sept. 5. 4 33 
Sept. 12. 437 

1785, Nov. 18. 4 46 

Dec. 12. 4 59 

4 38 


4 241 on a mean 


Therefore, by a mean of the imroerfions and emerfions, York 
is 4 ' 31" weft of Greenwich. Mr. Goodricke’s emerfion of 
Sept. 17, 1783, is ufed inftead of mine, it being undoubtedly 
more exa&. 

To enter into any detail concerning the eclipies of Jupiter’s, 
fatellites would be ufelefs, as it is a matter fo amply confidered 
by every aftronomer. I (hall only fay that the exaftnefs ex¬ 
pected even from thofe of the firft Satellite is, in my opinion* 
too highly rated. Among the various objections, there is one 
1 have often experienced, and which proceeds folely from the 
difpofition of the eye, that of feeing more diftinCtly at one 
tftpne than at another. It may not be improper alfo to men¬ 
tion, that the obfervation I ftiould have relied on as the beft, 
that of Auguft 30, 1785, marked excellent, and air remarkably 
clear both at Greenwich and York, is one of thofe which differ 
the moil from the truth. This I remark without having the 
moft diftant inclination of drawing any conclufiona lingle 
inftance can be of no weight. 


Part 
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Part pf the eclipfe of the Moon, Sept. 10, 1783* 

The two laft columns fhew the difference of meridians between 
Greenwich and York. The obfervations marked with an 
afterilk were made by Mr. Goodricke, 

York, by Mr. Paris, by Paris, by f Diff. of Diff. of 
ioodrxcke M. Me- M. Mes- meridians merid.by 
Spots obferved: and me. chain. siek. >yM.Mt M. Mts- 

1 App. time. App.time. App.time. chain. , sier. 
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Ariliiuchus covered — 

Copernicus touches 

Copernicus bifected 

Copernicus covered — 
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Manilius covered - 

Tycho covered — 

Menelaus bife&ed - 
Prom. Acut, Cen. cover 
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6 Mr, Pigott’s Determination of 

Thus I have given a comparative view oi llie different methods 
I employed in fettling the longitude of our Qblemtory, which 
is in Bootham, about 400 or 500 yards N. W. of the Minfter. 
The occultations and meridian tranfits of the moon s limb, 
which make it 4' 25"*, or i° 6 ' zf\ would have been quite 
fufficientj but hill it is intending and ufcful to know how far 
the others err. With refpea to the eclipfes of the moon’s 
fpots, I think that method is in general too much mgle&ed ; 
and that it might be relied on infinitely more, if certain cir- 
cumftances were mutually attended to. 

1 ft, To be particular in fpecifying the clearnefs of the fky; 
for in hazy weather the refults are very erroneous. 

2dly, To chufe fuch fpots that are well defined, and leave 
no hefitation as to the part eclipfed. 

gdly^ That every obferver fhould, as much as poffiblc, ufc 
telefcopes equally powerful; at leaft let the magnifying powers 
be the fame. 

A principal obje&ion may ftill be urged, viz. the difficulty 
of diftinguiffiing the true ffiadow from the penumbra. Was 
this obviated, I believe, the refults would be more exatt than from 
Jupiter’s firft fatellite: undoubtedly the ffiadow appears better 
defined if magnified little; but I am much inclined to think, 
that with high magnifying powers there is greater certainty of 
chufing the fame part of the ffiadow, which perhaps is more 
than a fufficient compenfation for the lofs of diftin&nefs. 


Concerning the meridian obfervations of the moon’s limb. 

The advantages and precifion of this method for determining 
the difference of meridians is, as I have already laid, fo little 

fufpedled, 
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fufpe&ed, that I flatter myfulf, the particulars I am going to 
mention will not be thought fupcrfluous. 

The rule I adopted is this: 

The increafe of the moon’s R.A. in 12 hours (or any given 
time) found by computation, is to 12 hours as the increafe of 
the moon’s R.A. between two places, found by obfervation, is to 
the difference of meridians. 

EXAMPLE. 

November 30, 1782. 

h 

13 12 57,62 meridian tranlit of the moon’s fecond limb 1 at Greenwich by 
13 13 ^9,08 ditto of a r& J clock. 

31,46 Difference of R.A. 

13 14 8,0£ meridian tranfit of the moon's fecond limb 1 Qt York j clock# 

J3 14 30,13 ditto of <% I 

22,08 difference at York, 1 the clocks going nearly fidereal time 

31,46 difference at Greenwich, J no correction is required. 

9,38 increafe of the moon’s apparent R.A. between Greenwich and 
York, by observation. 

infeconds of a decree, ditto, ditto, ditto. 

The increafe of the moon’s R.A. for 12 hours hy computation k 2334O teconds* 
and 12 hours reduced into fecomls is . 432OQ ; 

therefore, according to tile rule fhted above, 

tt a it // 

23340 : 43200 :: 141 : difference of meridians sr 26 

Thefe eafy obfervations and fhort reduction are the whole of 
the bufinefs. Inftead of computing the moon’s R.A. for 12 
hours, I have conftantly taken it from the Nautical Almanacs, 
which give it fufficiently exad, provided fome attention be paid 
to the increafe or decreafe of the moon’s motion. 
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Were the following circumftances attended to, the refults 
would undoubtedly be much more exa<ft. 

i ft, Compare the observations to the fame made in feveral 

other places. 

adiy. Let feveral and the fame ftars be obferved at thefe 
places. 

^dly. Such ftars as are neareft in R.A. and declination to 
the moon are infinitely preferable. 

4thly, Your advice to get as near as poSfible an equal num¬ 
ber of obfervations of each limb, to take a mean of each fet, 
and then a mean of both means, cannot be too ftrongly urged. 

I am perfe&ly of your opinion, that it will coniiderably correct 
the error of telefcopes and fight. 

5thly, The adjuftment of the telefcopes to the eye of the 
'obferver before the observation, which you alio recommend, 
will appear very judicious to every aftronomer, who muft have 
frequently perceived what you mention, that the fight is 
fubjeft to vary. 

6 thly, As a principal error proceeds from the obfervation of 
the moon’s limb, I think it may be considerably ldlened, if 
certain little round fpots near each limb were alfo obferved in 
fettled Obfervatories j in which cafe the libration of the moon 
will perhaps be a consideration. 

^thly. When the difference of -meridians, or of the latitudes 
of the places, is very confiderable, the change of the moon’s 
diameter becomes an equation. 

Though fuch are the requifites to ufe this method with 
advantage, only one or two of them have been employed in 
the*-' obfervations that I have reduced. Two thirds of thefe 
obfervations had not even the fame ftars obferved at Greenwich 
and York; and yet none of the refults, except a doubtful one, 

differ 
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differ 1 f' from the mean; therefore, I think, we may expert 
a ftiil greater cxa&nefs, perhaps within io^, if the above 
particulars be attended to. 

When the fame {tars arc not obferved, it is neceflkry for the 
obfervers at both places to compute their R. A. from tables, in or¬ 
der to get the apparent R.A. of the moon’s limb ; though this is 
not fo^atisfa&ory as by actual obfervation, Rill the difference 
will be trifling, provided the {tars R.A.’s are accurately fettled. 
Your catalogue undoubtedly may be depended on the moft, and 
thofe {tars preferred which have their proper motions afeertained. 
A few years ago, I had the pleafure of communicating to you 
the proper motion of /3 Virginis, which I found to be \'\oz 
per year, increafing in R.A. * : was this unknown, and that ftar 
obferved alone with the moon, it would occafion, at this time, 
a very confiderable error. 

I am alfo of opinion, that the fame method can be put in 
practice by travellers with little trouble, and atranfit inftrument 
conftrufted fo as to fix up with facility in any place. Though I 
have not confidered this fufficiently, I {hall, neverthelefs, fubjoin 
a few remarks that may engage others to turn their thoughts 
more fully to the fubjeit. 

It is not ncccflary, perhaps, that the inftrument fhould 
be perfectly in the meridian to a few feconds of time, provided 
flars, nearly in the fame parallel of declination with the moon, 
are obferved: nay, I am inclined to think, that if the inftru¬ 
ment deviates even a quarter or half of a degree, or more, 
{sufficient exadhiefs can be obtained, as a table might be com- 

* Some time previous to this communication, I had found, by the companfon of 
my tranfit obfervations of « Aquils and & Virginis, that the latter had moved 
forward with a proper motion of o''',91 of time, or of of R.A. from 

1767 to 1783, in 16 years, or at the rate of ©",853 a year, on fuppofitiod 
that the proper motion of * Aquilx is o",57 a year forward. 

Vol. LXXVI. I i i puted, 
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puted, (hewing the moon’s parallax and motion for fuch devia¬ 
tion, which deviation may eafily be found by the well known 
method of obferving (tars whole difference of declination is 
confiderable. 

As travellers very feldom meet with fftuations to obferve 
(tars near the pole, or find a proper objeff for determining the 
error of the line of collimation, I (hall recommend the fol¬ 
lowing idea, which, I believe, has never yet been noticed, and 
hope it will anfwer the purpofe. Having computed the apparent 
R.A. of four, fix, or more ftars, which have: nearly the fame 
parallel of declination, obferve half of them with the inftru- 
ment inverted, and the other half when in its right portion ; if 
the difference of R.A.’s between each fet by obfervation agree 
with the computation, there is no error; but if they difigree, 
half that difagreement is the error of the line of collimation. 
The fajne obfervations may alfo ferve to determine whether the 
diftance of the correfponding wires are equal. In cafe of 
neceflity, each limb of the fun might be obferved in the fame 
manner, though probably with lefs precifion. By a (ingle trial 
I made above two years ago, the refult was much more exadfc 
than I expe&ed. Mayer’s Catalogue of Stars will prove of 
great ufe to tliofe that adopt the above method. 

In fuch a number of obfervations, it is not furprifing that a 
few (hould be erroneous; I have rejected only three. 

A meridian tranfit of the moon’s limb, Auguft 18, 

1782; J'Sagitarii was the only ftar obferved at York; it t u 
gives for difference of meridians, . • • 3 55 

Perhaps the ffar has a proper motion, or a miftake 
of one fecond might have been made in marking 
the clock. 

An immerhon of Jupiter’s ffrff fatdlite, June 22, 

1783, which make the difference of meridians, 

1 
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The air was hazy both at Greenwich and at York. 

Laftly, au occultation of a ftar of the ninth magni'ude, 
immcrged behind the dark limb of the moon, during 
theeclipfeof Sept io, 1783, at it h. zf 6"apparent 
time. M. Messier alfo obferved it at 11 h. $o>' if'} 
apparent time at Paris: lie determined its R.A. 

349 0 22' 17", and declination f 38' 23'''' fouth. M. 
Goodricke, who computes very accurately, finds it 
gives for difference of meridians, ... 4 44$ 

I am rather furprifed, that the immerfions of known ftars 
of the fixth and feventh magnitude behind the dark limb of 
the moon are not conftantly obferved in fixed Obfcrvatorics, as 
they would frequently be of great ufe. 


Latitude of York. 

The following determinations for the latitude of York were 
made with a Bird’s 18-inch quadrant, the telefcope of two feet 
focus, with which inftrument obforvations of the fame ftar 
feldom differ 10". 

Latitude of the Obfervatory. 

o i a 

53 57 37 by 7 obfemtions of Ailturus, 

53 57 4 1 by it ditto of y Lyi c. 

53 57 5 2 by I ditto cm Auitn* 

53 57 37 by t ditto ot 

53 57 33 by % ditto of Algol, 

53 57 57 by 4 ditto of y Lyi.r* 

53 57 49 by 8 ditto ol fi Praronis# 

53 57 46 by 6 ditto of DnconU* 

53 57 by % ditto of y Draconis* 

53 57 45+latitude on a mean. 

1 i i 2 
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The line of collimation was deduced from / 3 , y, andftDraconis; 
half of each fet obferved with the face of the quadrant to the 
eaft, and half with its face to the weft. This, as well as the 
other methods, is very tedious, particularly when required to 
be often repeated, as is the cafe in travelling; I lhall therefore 
propofe the following invention, the idea of which was im¬ 
proved on by Mr. Sm baton, and flatter myfclf it will prove 
of the greateft facility. 

The error of the line of collimation includes the fixed errors 
of the inftrument, and thofe that are fubjed to change, occa- 
fioned by the wires and glafles, &c. of the telefcope moving. 
The error of thefe laft may be found by making the telelcope 
turn on its center, fo that the fun, ftars, or terreftrial objeds 
may be obferved on the horizontal wire in two manners; firft, 
when the wire is in its natural pofition, and then inverted, 
which is performed by turning the telefcope 180 degrees, or 
half round: thus, this part of the error can always be known 
with the greateft eafe; and in order to find the fixed errors, it 
is requifite for a Jingle time to get the whole error of the line of 
collimation by one of the common methods, from which the 
error of the telefcope being deduded, the fixed errors become 
known; and as they are unchangeable, if any alteration fhould 
take place, it proceeds from the telefcope, and may eafily be 
deteded as fhewn above. Perhaps, inftead of the whole tele¬ 
fcope, it would be fufficient only to make that part turn con¬ 
taining the eye-glafs and wires. 


As 
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As the following obfervations made alfo at York may be 
of ufe, 1 beg, Sir, you will annex them to my paper on the 
longitude and latitude of that city, which lately I had the 
pleafure of fending you. 


Emerfion of Jupiter’s fecond fatcllitc; night fine, 
Immerfion of Jupiter’s fecond fatellite ; good* 

Emcifion of Jupitei’s 2d fat.; doubtful; air very hazy* 
Immerlion of <* ^ behind the moon; inftantancous* 
Ditto ditto; in another part of the town* 

Eclipfe of the moon. 

Total immerfion of the moon 5 air very clear* 

Ditto ; good* 

Moon begins to emerge ; ] air h 

Certainly emerged; J 

Immerfion of Jupiter’s fecond fatellite; good* 

Ditto; middling* 

Eclipfe of the moon ; air clear* 

Appearance of penumbra* 

Moon not emerged, but light ftrong* 

Ditto; very ftrong. 

Moon begins to emerge, but uncertain* 

Ditto; more certain* 

Ditto; ditto. 

, Moon certainly emerged. 

Ditto. 

End of the cclipfc, doubtful; air hazy. 

Ditto. 

Certainly ended, but not clear of penumbra* 

Ditto, ditto; air clearer. 

Several fpots were obferved, but are here omitted* 
for fear of being too voluminous, 
f Emerfion of Jupirei’s fecond fatellite; air clear; but 
1 Jupiter low. 

Emerfion of Jupiter’s 3d fat.; Jupiter low; undulation* 
Emerfion of Jupiter’s fecond fatellite* 

Ditto; tolerably good. 

Emerfion of Jupiter’s third fatellite* 

Equal in brightnefs to the fecond fatellite ; air clear* 
f Immerfion of Jupiter’s third fatellite j tolerably good* 
, 1 though undulation* 

Date*. 


Dates. 

App. time, j 


b- , /, 

1781 Julyic 

9 4 i 59 

J 7 82, May 2*, 

12 23 12 

July 20 

11 27 40: 

Nov. 30 

iO 57 16 

20 57 2.1 

i 7 83,Mar. 1S 

8 27 50 

8 27 33* 
10 9 36 

10 10 18 

June 26 

13 35 21 

13 34 52* 

Sept. 10 

9 3 ° 45 

12 17 30 

12 19 35 

12 21 14 

12 21 44 
r2 2l 56* 
12 22 24 

12 22 24* 

13 21 00 
*3 21 23* 
13 22 18* 
13 22 45 

Sept. 16 

10 22 41 

23 

9 27 18 

Oft. ij 

7 34 9 * 
7 34 21 

2S 

5 42 53 

5 46 16 

J784ju1y27j 

10 j 46 
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App, time. 



o' ' ' 

8 54 12 

oa. n 

9 49 3° 

Nov 12 

9 49 26* 
9 33 59 

1785 July 15! 

9 34 1* 

12 26 CO 

Aug. 18 

n 44 37 

Sept. 17 

12 16 55 

oa. 29 

6 33 26 

Nov. 15 

9 24 ± 

Dec. 15 

5 50 48 


Immerfion of r f Mund the moon; inftantaneoui. 

) Emci lion ot Jupnu'b focond fatellite 1 good, though 
1 (light haze. 

Ditto, 

Emcriion of Jupiter's fecond fatclUte. 

Ditto. 

Immerfion of Jupitex’s fccond fatellite; air clear. 
Inunerfion of Jupiter's thud fatellite, good; t the air a 
Immerfion of Jupiteris fecond lit cl life; goodj \ little va* 
Emerfion of Jupiter’s third iarcliite ; ^ pound). 

f I examined J upiteris fourth fatellite during 20\ with- 
J out being certain whether it had dmiinifhcd in 
L light. 

Immerfion of 125 S by the moon, «ca& within 3". 


I have again marked with an afterifk the obfervations made 
by Mr, Goodricke, who defired me to communicate them. 
This worthy young man exifts no more; he is not only 
regretted by many friends, but will prove a lofs to aftronomy, 
as the difeoveries he fo rapidly made fufficiently evince : alfo 
his quicknefs in the ftudy of mathematics was well known to 
•feveral perfons eminent in that line. 


Declination of the needle. 


h 

1780, Sept. 13. at 2 \ % by a mean of 22 trials, 

1782, Dec. 26. at of, by a mean of 16 trials, 

1783, Nov. 14. at o], by a mem of 19 trials, 

1784, Jan. 17. at of, by a mean of 13 trials, 


4 4°i 'J 

2 3 iDcclination weft. 
23 59- f 
23 54+ J 


Thefe obfervations were taken with all poflible exa&nefs; the 
needle was four inches long, and made by Dollond. 


Sir H. Englefield, when at Scarborough, in Auguft and 
September, 1781, was fo kind as to obferve, at noon, the 
height of his barometer and thermometer. I alfo made fimilar 

obfervations 
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obfervations in the Obfervatory at York ; from which, by eight 
comparifons, none difagreeing above 0,018 of an inch from 
the mean, 1 find, that the quickfilvcr at the fea flood 0,063 
of an inch higher than at York. The barometers were made 
by Ramsden, and they agreed together to 0,005 part of an 
inch. We may later alfo expe& to get the mean height of 
the barometer and thermometer, as there are feveral gentlemen 
that obferve them every day, particularly Mr. Wyvil and Do* 
White at York, and Mr. Chomonley at Branfby. 

1 remain, Sir, with great regard, &c. 

EDW. PIGOTT.. 

May 26, 1786. 
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XXIV. Advertifentent of the expeSied Return of the Comet of 
1532 cwd 1661 in the Fear 1788. By the Rev. Ncvil 
Mafkelyne, D. D. F. R. S. and Ajironomer Royal 

Read June 29, 1786. 

T HE comet of 1531, 1607, and 1682, having returned 
in the year 17599 according to Dr. Halley’s pre¬ 
diction in. his Synopfs AJironomia Cometica^ firft published in 
the Philofophical Tran factions in 1705, and re-publifhed with 
his Aftronomical Tables in 17495 there is no reafbn to doubt 
that all the other comets will return after their proper periods, 
according to the remark of the fame author. 

In the firft edition of the Synopjis he fuppofed the comets of 
1532 and 1661, from the fimilarity of the elements of their 
orbits, to be one and the fame; but in the fecond edition he has 
feemed to leflen the weight of his firft conje&ure by not 
repeating it. Probably he thought it beft to eftablifh this new 
point in aftronomy, the do&rine of the revolution of comets 
in elliptic orbits, as all philofophical matters in the beginning 
Ihould be, on the moft certain grounds; and feared that the 
vague obfervations of the comet, made by Apian in 1 S 3 2 * 
might rather detract from, than add to, the evidence arifing 
from more certain data. Aftronomers, however, have gene¬ 
rally acquiefced in his firft conjecture of the comets of 153- 
and 1661 being one and the fame, and to expeCt its return to 
its perihelium accordingly in 1789. 

fh© 
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The interval between the paflages of the comet bv the peri- 
helium in 15^2 and 1661 is 128 years, 89 days, 1 hour, 29 
minutes (32 of the years being bifl'extile), which added to the 
time of the perihelium in 1661, together with 11 days to reduce 
it from the Julian to the Gregorian flile, which we now ufe, 
brings out the expected time of the next perihelium to be April 
27th, 1 h. io' in the year 1789. 

The periodic times of the comet, which appeared in 1 531, 
1607, and 1682, having been of 76 and 75 years alternately, Dr. 
Halley fuppofed, that the fubfequent period would be of 76 
years, and that it would return in the year 1758; but, upon con- 
fidering its near approach to Jupiter, in its defeent towards the 
fun in the fummer of 1681, he found, that the adtion of Jupiter 
upon the comet was, for feveral months together, equal to one- 
fiftieth part of the fun upon it, tending to incrcafc the inclination 
of the orbit to the plane of the ecliptic, and lengthen the periodic 
time. Accordingly, the inclination of the orbit was found by 
the obfervations made in the following year 1682 to be 22' 
greater thau in the year 1607. The effedt of the augmentation 
of the periodic time could not be fecn till the next return, 
which he fuppofed would be protra&ed by Jupiter’s action to 
the latter end of the year 1758, or the beginning of 1759. 
M. Clairaut, previous to its return, took the pains to cal¬ 
culate the actions both of Jupiter and Saturn on it during the 
whole periods from 1607 to 1682, and from 1682 to 1759, 
and thence predicted its return to its perihelium by the middle 
of April; it came about the middle of March, only a month 
fooner, which was a fufficient approximation to the truth in f» 
delicate a matter, and did honour to this great mathematician* 
and his laborious calculations. 

Vox.. LXXVI. K t k The 
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The comet in queftion is alfo, from the pofition of its orbit, 
liable to be much difturbed both by Jupiter and Saturn, par¬ 
ticularly in its afcent from the fun after patting its perihelium, 
if they (hould happen to be near it, when it appoaches to or 
croffes their orbits; becaufe it is very near the plane of them at 
that time. When it paffed the orbit of Jupiter in the be¬ 
ginning of February 1682, O. S. it was 50° in conjequentia of 
that planet; and when it paffed the orbit of Saturn in the 
beginning of Odober 1663, it was if in conjequentia of it. 
Hence its motion would be accelerated while it was approach¬ 
ing towards the orbit of either planet by its feparate adion, 
and retarded when it had paffed its orbit; but, as it would be 
fubjeded to the effed of retardatiou through a greater part of 
its orbit than to that of acceleration, the former would exceed 
the latter, and confequently the periodic time would be 
Shortened;'but probably not much, on account of the confi- 
derable diftance of the comet from the planets when it paffed 
by them; and therefore we may drill exped it to return to its 
perihelium in the beginning of the year 1789, or the latter 
end of the year 1788, and certainly fome time before the 27th 
of April 1789. But of this we (hall be better informed after 
the end of this year, from the anfwers to the prize queftion 
propofed by the Royal Academy of Sciences at Paris, to com¬ 
pute the difturbances of the comet of 1532 and 1661, and 
thence to predid its return *. 

* Since this was written, I received the unwelcome news, in a letter from 
M. Mechain, of the Royal Academy of Sciences at Paris, that the Academy 
has not received fatisfadtory anfwers concerning the diflurbances of the come# 
between 1532 and 1661, and zfi6l and the approaching return, and that th@ 
prize is referred to be adjudged, of at Eaier 1788, and that it will be 6000 
livres. N. M. 
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If it fhould come to its perihelium on the ift of January 
1789, it might probably be vifible, with a good achromatic 
telefcope, in its defcent to the fun, the middle of September 

1788, and fooner or later, according as its perihelium fhould 
be fooner or later. It will approach us fiom the fouthern parts 
of its orbit, and therefore will firft appear with confiderable 
fouth latitude and fouth declination ; fo that perfons refiding 
nearer the equator than we do, or in fouth latitude, will have 
an opportunity of dilcovering it before us. It is to be wifhed 
that it may be firft feen by fome aftronomer in fuch a fituation, 
and furnifhed with proper inftruments for fettling its place in the 
heavens, the earlieft good obfervations being moft valuable for 
determining its elliptic orbit, and proving its identity with the 
comets of 1532 and 1661. The Cape of Good Hope would 
be an excellent fituation for this purpofe. 

In order to afllft aftronomers in looking out for this comet, 
I have here given its heliocentric and geocentric longitudes and 
latitudes and correfpondent diftances from the fun and earth, 
on fuppofition that it (hall come to its perihelium on January r, 

1789. But if that fhould happen fooner or later, the he¬ 
liocentric longitudes and latitudes and diftances from the fun 
,will ftand good if applied to days as much earlier or later, as 
the time of the perihelium may happen fooner or later; and 
the geocentric longitudes and latitudes and diftances from the 
earth muft be re-computed accordingly. The calculations arc 
made for a parabolic orbit from the elements determined by 
Dr. Halley from Hevelius’s obfervations in 1661, only 
allowing for the preccffion of the equinoxes. The elements 
made ufe of were as follows; 

Time of perihelium January z, 1789* at noon* 

Perihelium diftance 0,44851. 

Kkfci Place 



4.30 Dr. Maskelyne’s Advertijement of 

Place of afcending node 2 s 24° i8\ 

Inclination of orbit to the ecliptic 32 0 ^. 

Perihelium forwarder in orbit than the afcending node 

33 ° a8/ - 

It motion is direft. 

1 


Computed places of the comet, on fuppofition that it (hall 
return to its perihelium January 1, 1789. noon. 


Times. 

Lilt. 

from 

0. 

IM, 

from 

the 

earth. 

Heliocen¬ 
tric longi¬ 
tude. 

riciiocen 
rric lati¬ 
tude. 

Gooceu- 
tric longi¬ 
tude. 

Geocen¬ 
tric lati* 
tude. 

product ot 
diftancea 
from O 
and earth. 

1788 



s. 

D.M 

D. M. 

S. 

D.M. 

D. M. 

18,07 

Apr. 23, 7 

4, 0 

4,52 

II 

3 S a 

30 56 S 

u 

16 30 

27 5 S 

J une 4, 3 

3 » 5 

3,54 

II 

7 <■' 

31 25 

11 

26 3] 

4 

12,38 

July 14, < 

3. 

2,57 

II 

11 16 

3 1 55 

0 

3 21 

38 11 

7,70 

Aug. 2,4 1 

2,75 

2,15 

II 

13 47 

32 10 

0 

4 h 

42 59 

5 , 9 ° 

— 20,43 

2, 5 

I >79 

II 

10 39 

32 22 

0 

2 c 

48 16 

4,48 

Sept. 7, 

2,25 

i, 5 i 

11 

20 9 

3 2 32 

ti 

25 t 

53 28 

3,39 

'— 1 24, c 

2, 

1,29 

II 

24 16 

32 3 6 

11 

12 12 

56 45 

2,58 

Oft. 10,2c 

*»75 

M 3 

II 

29 24 

32 3 ° 

10 

20 22 

56 36 

i ,7 5 

— 26,6., 

i 5 S° 

1,ox 
0,88 

0 

5 5 1 

S 2 4 

10 

J 5 50 

52 6 

i> 5 * 

Nov. 9,34 

1,25 

0 

14 19 

3 * 0 

10 

8 3 6 

46 47 

1,10 

— 23,3c 

1, 0 

0,76 

0 

26 4 

28 32 

10 

4 10 

39 0 

0,76 

Dec. 7,21 

o ,75 

0,62 

I 

13 5 8 

2 2 29 

9 

29 lo 

27 45 

0,46 

— 23,35 

0,50 

0,50 

2 

20 58 

2 8 

9 

14 3 1 

2 7 s 

0,25 

— 24,33 

0,49 

°, 5 * 

2 

24 18 

0 0 

9 

12 5^ 

0 0 

0,25 

1789 

Jan. 1, c 

o. 4 S 

o ,59 

3 

23 25 

17 17 N1 

9 

2 5 C 

13 8 N 

0,26 


The laft obfervation made by Hevelius on the comet in 
1661 was when its diftance from the earth was 0,986, and 
from the fun 1*37* with what he calls a very long and good 
telefcope; at which time it appeared faint and fmall with it, 

though 
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though ftill fufficiently vifible. Let us fuppofe this to have 
been a telefcope of 9-feet focal length, with an aperture of 1,65 
inch; then, becaufe the diameter of lire aperture of a tcle- 
fcope fufficicnt to render the comet equally vifible fhould be as 
the product of its diflances from the fun and earth, and the 
product of the numbers above-mentioned 0,986 and 1,37 is 1,35, 
we fhall have the following analogy to find the aperture of a 
refracting telefcope fufficicnt to fhew the comet as it appeared 
to Hevelius. As 1,35 : 1,65 inch :: 9 : 11 inches, fo is the 
product of diftances from the fun and earth to the diameter of 
the aperture required in inches* 
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XXV. At MW Method of finding Fluents by Continuation. Bv 
the Rev. Samuel Vince, A. M. F. R. S. 


Head July 6, 1786, 


ART. I. Put f = x n ~”x - a n x*- in x + a'*x m ~i*x ~ 

^m-n+t a * x m-in+i a**/*— 3"+* 


&C.ds 


vn m—vn 
u X 


a n +x* 


* then F = 


See. 


m—n+ i m — 2 n+i ,tw— 3w+i 

W, where W reprefents the fluent of the laft term. Now 




a+x 


h ence /*;r~7=s /*£$ 


>*jix 7 +sl 


1—r 






* . « 
a -f* 


- T—.*» /> T _ „ *»—1 • 

x - J F x — — — zz (by fubftituting for F its 


* , T) 1 
a +* 


value in the latter quantity) F x ~a n + #*f r - * 

f£Zi-'EL:. >t £* r~±+kc.* 

Jyirt m - 2n+i J 7+? r m ~ s * +l */;?in r 




a+A 


f tranfpofe — 1 ~Ll1 x A-**-and divide 

J —r .v r j»-b+i ^ t”"T 

both lades of the equation by ~~~ and we have 

f JH- - Bz2±± x F x 7 +^ r ~ r + —~”tL- x XEE.*.»< x 

V «-»•»+I W-2B+I 

r££L^ mzi±i x i=L£l x r££i +& c .*z^ ±J. x 

y «»—r »+1 »~ 3 « + l */ ^ 3 ' »-»*+* 

/ 



Mr. Vince’s new Method , &c. 


ftx . now fl uen t of the laft term is 

«"+ A 

m -" + I x W x + , 1 x J — -i; hence by 

-* OT-r»+x */ -“~»r 




fubttituting this quantity for the laft term, it is manifeft, 
that the firft part =*= -Z?±L xW x# + &?'"* will be deftroyed 

bv the laft term of - m ~~ - xFx a"-f rP~ r ,when wefubftitute 
- m — tn -r I 

»—»+r —2*—r 

for F its value; hence if we put M=- T — —— +, 

€-1"..-—.!. — &c. omitting the laft term ±: W, we have 


r_J-L -- ? fZf±-L X Mx7+P)~ ' + J^±L X 1 -~~ 
J - - jr tn-rn+l ^ m-rn -\-1 m~ 2 u+l 


m-n+i x l — r . m x 




/•/' ’** m—n + 1 x x — r . »« “* ^ r*” 2g * ; &c x 

J ^TJ "»-»■ + * »- 3 *+* ^ 

x x hence, if the fluent of the laft term be 


«"+* 


given, we have the general law of continuation by which we 
may find the fluent of If the fluxion be JL— all the 


a + x n 


a tt +x”\ 


terms after the firft will be negative, and the laft always 
pofitive. 

Ex. i. Given the fluent of -JL. to find the fluent ofe 

v i+* 


^ i +#* 

. IS 1 ""'"'I X tn "‘S Q 

Here* =2, ast, *»=2J, r=*b M=— - — 4 *&c. to 



Mr. Vince’s new Method of 


+t:X, .and the fluent of ■ is the hyp. log. x + s/i + 

*l+x * 

which call Q.; hence/^SL = ^ « M * 

x r c±^«a 

^ V^i-{-^ a 2s*2s~~5 ^ Vi + jf 

ifi-..r^-,=j^rr 7 x*-io=«. 

</ i/l+* 

s — 2,r ■ -/*— . = f *h'*Q =:: ^' 

w/ ri+*‘ _3 __ 

i-3, r-^=±f7+7x*±-tL +x +s $J-«-lQ=y. 
°J V i+* 4 6 V 5 3 6 - 3 6 6 

JVi + x *- ° v 7 5 3 8 • 5 8 «; 

etl«+|Qc_ 


Ex. 2. To find the fluent of ** *\/2 + *, given the fluent 
©f aT* 5 c s/T+x, and s an odd number. 

Here a —2, n= i, r= -f, i =w, m~vn= - I, or 4- - v 


»_j; M=^-i£_I + 5£- See. and the 

fluent (QJ of aT** nA + a is v 4 - vA* + A where «■=hyp. 
log. i+^ + v/ 2 *+Ar*; hence^ x l x \/z + x=s~- X 2 + *1 X 

M+-J-X — x/^~xvA + *- -j—XV 2 + * 

f+3 j—2 ^ j +3 f -4 

/ I_ 3 _ f±* /■* t 

A’ 1 Atfv^-f-A &C ± —X2 1 X / AJ -i tf 


4 -_i_X -~X /*A ’ 1 3 xv'2-t* 

s+3 j-6 ^ 

vA + *. 


&C±-X 2 1 X / AT*tf 

H-3 ^ 
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/X t - - ■■ w ^^ 3 r 

.v’.v \/2+ x—\ x 2 + .vl XI* — IQ =■ as. 

_ _ ^ " i ^ 

j = 3, y a' x\/iH # = I x 2 +a* x — - fv’ +305 + 20,—/ 3 . 

^ 3 

r = 5, Cxx V 2 4- a' = g x 2 x ! 5 _ _ 4 L 4. 8a. 1 ' 4- - /3 ~ 

*/ S 3 4 

L5 a ,_ 5 Q = 7 . 


s = J, f x 7 x\/2 + x= / v x 2 + a; 1 x — -H.+ — 
/ V 7 5 3 

21 Ho, 8 4 , 5 6 n 

_ y __0 + _« + _ Q . 


i6.v‘ ^ 


&c. 


II. Let F 


A?** 


, 7 W | 

+ + tf 


&C. &C. 

X”-**X - Px n -V‘x + Q.f-**X See. 


n—m < 


y,—- .wy " _ i;thenF= --___- + 

tit 7 - * “ ■ “ 


^JTZpi, m. 


x «~- zm+t p,"— V »— 1 oy >— 4«+r 

e+bx m +x tm ~~a+l>x a +x™ ' u-am+i »-3»h i + *-4» + i 

— &c.=±=T=!=U, where T and U are put for the fluents of the 
two laft terms, and P, Q, &c. for the co efficients arifing from 


the divifion. Now, J' 


% « 

SC x 


Fxa+bx w +x tm 


it—» 


— /* *"■» xa+fa"+ ^"1 

fffhf+x™ ^ t:+l>x m +C m 

/ l — r . mhx m ~'\ +i — r 

F+— 


7*1 


: (hy 


a+lx+x 

fubftituting for F its value in the latter quantity, and putting 
A, B, C, &c for the co-efficients which arife in confluence 

thereof) F x a + bx m + x ! 

f 


A x 


« ‘ 

_A X 

a + bx m + x 


=r 


+ Bx 


J-** 


n—z m . 


a + bx* + #**V 
Vol. LXXVL 


Cx f ===. h=r; + &c. 

^ a +*** + *'*1 

L 1 1 





s s 

® n & n 
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/ IT' 1 — • nibx* 1 ■« + 1 — '• » Offl* * 

I X • - V 

/ ^j v i—r. mhx’^x-v^—r . ^cnce by trail fpo fit km 

, I m , 

and Mon we have /=£=== 

, j)_ x r _ £_ x f-JZ.y~, + &c. 

I+A J a + b/'^-x 1 ' T 1+A « + + 




+ &C. 


^ a + bx m + . 

r t 

V 1 +A 


I — r . >n/;.v* -I *4 i -* • aw* 1- '* 


- r— 

j i+* 


u_ -- 1-r. T *+i-r • am¥> * * Now the fluents 

Ar A . r m « 2 wi 1 


. » tfl , 2Wi I 
/ 7 *|'W i 


of thefe two laft terms are =f=^A x * + t + A 


>v j__ and^P_- x a + bx w +V 

- . . T TT i + A 


. £ . 2W 
<z-i-£w ■+•* 


v ci’\ m L 


«—j-j-1 . m . 

# n jr 


+ **" + #*1 


refpe&ively; hence, by fubftituting thefe for the laft term, 
it is manifeft that =f xa + bx m +x™\ and =p —^ 

x ~a + bx m + H~ will he defltroyed by the two laft terms of 
_L x F x a + i>x"‘ + A i,r f r when we fubftituto for F its value; 

I 4* A 

« 2W< 1 !)„*—1«+I 0 »—4«+I 

hence, if we put Mrr - — — — -— +-—- “ 

omitting the two laft terms — T and —• U, we lhall have 

** = _JL x M x a + bx m -\r x-"i + -L- x 

- r,r *+a h-a 


4 */■+#• 


If—« , 
# * 




217 * * 

r _j- * + & c . 

^ « 4 bx m + x z ’ K \ 



/ 


4 . 

X x 
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3 4 


X 


a —3 +* . w . 

* ; hence if the two laft 


" ! - A 7 i.i- r ; 5 ^' 

fluents be given, we have the general law of continuation up ro 
_l ,v _ - in the fame maimer as before. 

■ i fit | 7/JT) 

a*\~bx + x i 


x x 


III. In general, if we proceed as in the two lafl: articles, wc 
fliall find J' 

“/ 


«+$*"+&0. X 


- = ~ x a + ix m + &c. x""l -f -4 
7 ]' P P 


X X 


+ 


a + bx m + &c. x 


? */ 


« -2W . 
* % 


+ &c. 


a<\-b* m + itfe. a , 1 


P 




x /» *” * -tly ^ 

J a + bx m + &cc.f n ] 1 ^ tffA/’ + kc.y 

number of thefe lafl terms is /, and M = t ~ H ~ T^Ti 


— &c. where the 

/x n 


* ///-+• i 


+ &c. omitting, as before, the terms at the end arifing from 
the remainders. Hence if the lafl: t fluents be given, we can 
by continuation find the required fluent. 

Becaufe the divifion of- p- -- may be exprefiid by an 

a-k'bx -|-&c. x 

afeending feries x*x - Q^+ m .v + Rx"+™x - &c. it is manifeft, that 
by the fame method we may continue the fluents downwards 
as well as upwards. 


IV. Let F =i 
£-*, then F = 

1 ~~x 

W is the fluent 


ti as - x n ~"'x - x*~*x - X n ~ \V - &CC, - x H ~ r x + 
x — x 


ff—I 


n n— i 


p~ z 

-&c. 

U—2 


ft ,»—'+» 
a -|* I 


+ W, where 


of the lafl: term. 


Now 




hence 


Lila 
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*T j, 

hence f f £*& = ** fZ.* P * 

* __p x j > -* _ /?__ ij—^_ r — 

vT+>xi+* >i+* XI t-A* • 1/1 - 


A 

I XH-1* 


»?— r- 4 -i . 

X ^ X 


/' 


A .V 


i X I f A 

B—I • 

V 

1 -a 2 XI+a 
a—2 • 


71-2 . ^ 1 - 

- — iX 

-A X 1 *f v 

1 ~~ 
u n- 

1 

1 

•k 

l 

i 

X 

_=.. But 


V'l-/ < 

r T r 


A*" 1 .* 

a—'* . 

r x 

** ** 

= yj>? 

nV i~a 2 

nV i-„- 


«- z . 

A A 

a —5 . 

A *A' 


a-H- 1 • X i-t*v 


as 4“ 


— &c : 


n— r. 
a v 


n—r , 

A A* 


w—•< • 
A* A’ 


«—» ■ 
,r at 


►t /r v* a t ^ ^ ^ m rnr , . 1 IIJ t , ? , . ■-■-■■ 

i-i. TT^'^TTv^ 4 ' c '~^i. i+*- 


a—3. 

A 


I-A a X 1 +A 

&c. 

Vi^xiV 


n—%y \-i? 
&c. 


-&c.:p. 


*—r. 
X A’ 


N—* f • 
A" A 


n-2 . n-2. ^ I-**Xi+i 

&C. 


a—r • 

*f x 


J-~Y * 
X A 


«-r +■ I. v' i -f a 2 V'h XI +* 


*™f£y*' \teH x /£? + 7 


w— I 


i __L +_i_ x /*.'* 4-&c. * - « — ~ &c 
J\/~ n n ~~ 1 /2 ’~ 2 ^ v' i - v n n ~~ 1 

j ViMi? n n—1 n-r + i ** Vi —*• x I 


»—* Hh I 


+ /\V x ~- = ^L -—, Now fWx - - * -= ~ Wx 

J v'i-*-xi+a- »/ vi_ a *xi+« 

FFf + f _Cl; alfo f t JLZL-* m - <-* x JlTl* 

— r x f . fI 7 x f _*Tl_: hence, by fubftituting 
* 7 Vi-» ! 47 v'i-/ 

thefe quantities in the two laft terms, it is imnifeft that 
- W x will be deftroyed by the laft term of 
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F x . T when we fubflitutc for F its value ; therefore, if we 
M - 1 

put -‘*--2_ x — - &c. - - A — , wc (hall have 

1 H , - I n - ' n - H - 1 

'"f r,;. i 1 ~ I irn T i .. r 

) ‘ . — -M- »i~-;±_OCC. — — - X —r- I — ~ X / ”7 “ 

^ V^l +2 n h— 1 m-Hi l+l w VI—a* 

i—r r s~\ i i r v r , fi 

~ n n — I J \ n n- ~ i — l ** 

i == —- =±= &c. - 1 A /-7 + i + ix / ' : v _- 


n n-i 


ft l 


n n— i 


: &C. 


X - J x 

-x n —r x / -- 

»—/ + 1 J \ i _ 


Hence, if the 


two lafl fluents be given, we have the g- acral law of conti- 

« . 

nuation up to the fluent of _7— , where the index of x wiih- 
1 V i—x" 

out the vinculum increafes by unity each time. And in the 
fame manner we may (by increafing the index of x without by 

m) find the fluent of —if we have given the fluents of 

/ 1 / wn ««* 

r /J m*m A 


n~rm . 

A x 


V * w 
v a —• y 


. Thus we have a general law of con¬ 


tinuation, where the index of a without is increafcd by half 
the index under the vinculum. 


V. Aflume F 


x m -b 


: x n ~ n x + bx n ~ :n x + b'\ K -i m x + &c. + 


.rji-rm. '’+ 1 —aw+ * «,»—***+* „ 

il— 1, then F =~ —~ + —r—r, +~j-; + &c - + w . 

7 n—rn + i n~2m+i W H1-jJWfi 

where W is put for the fluent of the lafl term. Now 

/ / it) - r - t . i■ ■—— j jaBaagttflBttf 1 .. wt w 

x”x\l -r /_I* x s/~dF~~tf X A'* -^s»F xv»*-d ! X 

V-* J x m ~b 
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_ C)? x m —- = (by fubftituting for F ita 

2 'X x'—aXx'—b 

value in the latter quantity, and putting A, B, C, &c. for 
the co-efficients which arife therefrom) h x v'V' — a x x”’ — b — 

J V S-ax* m -b J V /‘-aX**-b 

&c.-/Wxa 

** _ 

—y—f / 


I . , , VI— I . 

*-"+ £ • ;. Now 


# A' 


^ r >« ^ ^ / 

2 .* A 


«—-t» . r . 

# AT *V A' 


v V , -*x.v"- 




V—. 


«—aw. 
# A" 


* * V ^ 


st - a 


x m ^axx-b * -« 

&c. But 

y x”‘-b 

* = x n ^ m x + ax n ~* im x + d z x n ^ m x 4- &c. + & r J x n f m x + 
X nt ~ zm x + ax*~* m x + &c. + er*#-**# + 


i 

sc^—a 


a jt v 


r— I -,«—rm . 
^ ,V 


A — 


»— 2 J» . 


+ &c. + a r ~^x n - m x 4 
&c. & c * 

Hence, by fubflitution,^/'^ \/*— 


« « 


x —a 
&c. 




F x s/x* - a x a ,m - b 


■ A f*x n m x \]'~—■ —* A^? 4 “ B x /* x n “~~ m x\j m —A ei 4* B 4* l-' 

*/ J x -~b «/ x — o 

C C X ”-3*xsj\~- a - - See. - ha r ~~ l 4- Ber = \ +"Cir -3 "+""&c.“ x; 

/ , Lm _ _— p X n ~~ m b 

x^wkSj ~—- — Aa r + B^ r ““ x + C^ r "“ z + &c* xy — ^ ^ 

x *" rn- ^ d ^ "• () 

- fW x .m£~ l x % nt 

J a'V-fxV-* 
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-/w* 


2 tn\ lm l x 


- is - W X x 


2 ^ m V . / 

A — f X V 


44 * 




/» - b 


j r l r x f x”~ r,r x \r "~ 1 ; hence, by fubftituting tills for the Lift 

term, it is maniftft, that — W x/t - x i — <.< will be de¬ 
ft rayed by the laft term of l r x y/jF -~a x F~-~b when we fob- 

rt—1 -|~r 

ftitute for F its value; therefore, if we put Mi 


/ — >u -i -1 


lx 


#—awt-fi 


n — 2m + i 


+ &c. + 


if —t »— tm 4 r 
/> \ 

n — nn+1 1 


we 


have J "* ^ —— 7 = M x 

i __. A 


1 — iV 


v/a" — a x a."' - b — A J' x n ~ r ‘x \J~ m — - Iw + Bx J' x n ~ im x 
dll-J - Atf‘ + Btf + C x / 


&c. 


A^'- 1 + + &.c, - J' x /* x’- m x'J "~."-Aa r + tia - ‘ + 

J V'-£ 

4-&C. x / - -* - _ v - - Hence if the laft two fluents be 

V ~x r ~ttx-t n -b 

given, we have the general law of continuation up to the 
fluent of a?** \r« *— . 

y x m ~t, 

The utility of finding fluents by continuation was manifeft 
to Sir Isaac Nkwton, who firft propoltd it; and llnce hie 
time fomc of the moft eminent matlum uicians have employed 
much of their attention upon it. Tin method which I have 
inveftigated and exemplified in this Paper i olTbr as being en¬ 
tirely new; and at the fame time it not only exhibits, at once, 
the general law up to the required fluent, but alio appears, from 
fome of the inftances here given, to be more extenlive and con¬ 
venient in its application than any method hitherto ofllrcd. 

The 
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The general refolution of the given fluxion into a feries of 
fluxions of the fame kind, where the index of the unknown 
quantity without the vinculum keeps decreafing or increafing 
either by the index under or by half the index, has not, that 
I know of, before been given ; which furnifhes us at once not 
only with a very eafy method of continuing fluents, but alfo 
points out a very Ample method of inveftigating the fluent of 
the given fluxion without continuation. For if f k=*p + bf B 
+ c/c + a / d+& c, ft =/ + s ft + d' ft + &c. ft = 
p" + d "/D + &c. &c. &c. then if for /fi, /C, &c. &c. we 
fubftitute their refpedive values, we fhall get a general feries 
for f A without continuation. The extent of any new method 
is, at firft, feldom obv.ious; and how far that which is here 
propofed may be' fuccefsfully employed in other cafes will belt 
.appear from its application. Different methods will always be 
found to have their ufes in particular cafes; for where one be¬ 
comes impra&icable another will often be found to fucceed; 
and I hope that which is here offered will contribute fome- 
jhing towards facilitating the inveftigation of fluents. 
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XXVI. Conjectures 
Peter’s Mountain , 
M.D.F.R.S. 


relative to the Petrifactions found in St. 
near Maeftricht. By Petrus Campei, 


Read July 6, 1786. 

T H E difeovery of a great number of petrified bones about 
the year 1770, in the mountain of St. Peter at Maef¬ 
tricht, and particularly of large jaw-bones with their teeth, 
fuggefted to the late M. Hoffman, firft Surgeon to the 
Military Hofpital at Maeftricht, a worthy member of fcveral 
learned Societies, and a great admirer of natural hiftory, the idea 
that thefe maxillae belonged to crocodiles. This notion was fpread 
by himlelf and his literary correfpondents through all Europe. 

He did me the favour to fend me, not only the hiftory of 
thofe petrifa&ions, but alfo feveral figures of the jaw-bones in 
queftian, and of other bones, which were all Entirely new to me, 
except fome fragments of the bones of turtles. I difeovered, 
however, at the very firft fight, the chara&eriftical differences 
which diftinguifhed thefe bones from thofe of crocodiles, of 
which I had at that time feveral in my colle&ion. 

His intention was to write upon this fubjeft, and to fend his 
dffay, containing his reafons for fuppofing thefe bones to belong 
to crocodiles, to the Royal Society; but I difluaded him, as a 
friend, from doing this, left he Ihould afterwards be under a 
necefiity of retracing his opinion: and I fent him a figure of 
Vol. LXXVI. M m m ' the 
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the lower jaw of a crocodile, accurately done by my own 
hand, and foon after the fkull and under jaw of a pretty large 
crocodile; which induced him to defer his dcfign of writing 
about thefc antiquities of the old world, until he ftiould be 
bettei* informed on the fubjedfc of cetaceous fifties. 

Major Drou in, of Maeftricht, who made, about the fame 
time, a eolleftionof an infinite variety of corals, madrepores, 
alcyoniums, echinites, belemnites, (hells, and petrified wood, 
from the fame mountain and its environs, likewife procured a 
beautiful fpecimen of two maxillary bones of the fame incog- 
nitum, but with the infides turned outwards; and this gentle¬ 
man alfo fuppofed them to belong to the crocodile. A (ketch 
of this fpecimen is to be found in M. Buchoz’s Dons de la 
Nature, tab. 68. But the fpecimen itfelf is now in Teyler’s 
Mufeum, at Haerlem, with the whole of Major Drouin’s 
colledtion. 

Another ftill more valuable and perfedt fpecimen is to be feen 
at the houfe of the reverend Dean Godding, of which there 
is likewife a rough (ketch in M. Buchoz’s Dons de la Nature , 
pi. 66. In this the greater part of both the upper and under 
maxillary bones is intire, and a bone, with fraall teeth, be¬ 
longing to the palate; by which it appears, the animal had 
not only teeth in the jaw-bones, but al(o in the throat, as 
feveral fifties have, but which are never found in the mouth of 
crocodiles. 

Notwithftanding all my endeavours to convince my friends, 
and afterwards M. Drouin, and particularly the Dean, whole 
valuable and truly beautiful fpecimens I faw in the year 1782, 
I never could prevail upon them to adopt my opinion, that 
thefe bones belonged to phyfeteres or refpiring fifties. M. 
Hoffmann, adhering clofely to the Linnasan Syftem, ob- 

jedted, 
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je&ed, that the phyfeteres had teeth only in the lower jaw¬ 
bone, whereas this foffil monftcr had them in both upper and 
lower maxilla. He did not feetn to recollect, that <pvtn;Tyg 
ftgnifies fomething refpiring, or breathing, and applied to 
fifties, breathing fifes ; nor that the phyfeteres, according to 
the Linnaean fyftem, have fmall teeth in the upper jaw-bone, 
though larger ones in the lower jaw, according to the obfer- 
vations of Dr. Otho Fabricius, in his Fauna Groenlandica, 
p. 42. where he mentions the macrocephalus , and p. 45. where 
he fpeaks of the microps. 

In Auguft 1782, I fent M. Godding, who had favoured 
me with a copy of his valuable fpecimen, a full demonftration 
of its being the head of a phyfeter, or breathing fifth, Del- 
phinus, or Orca, or under whatever genus it may be ranked* 
as having large teeth of the fame fize in both the maxillae. 
But in vain; for he continues ftill to call it a crocodile, as if 
its value depended upon the fpecies of the animal. 

The analogy of all the other marine bodies feenis to make 
it ftill more probable, that thefe large bones belong to the 
inhabitants of the fea* and not of rivers. The large turtles* 
the numberlefs echiuttcs, madrepores, ftlells, alcyoniums, be* 
lemnites, orthoceratites, and fo oil, are all fea animals; and 
the crocodile would, in that call*, be the only inhabitant of the 
rivers mixed with them. 

The pretended crocodile found pear Whitby, ift Yorkftlire* 
Phil. Tranf. vol. L. p. II. 1758, § 9^ P- 688. and ibid. § i<*8. 
p. 786. is undoubtedly the Ikeleton of a Balama. 

§ 2. After the deceafeof M. Hoffman, his family having 
offered the whole collection for fale, t went in Auguft 1782 to 
Maeftricht on purpofe to examine it; and I could not but 
greatly admire the richnefs and beauty of the collection# efpe- 

Mmma ' cially 
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dally that of the Mil bones from St. Peter’s mountain; blit 
as the heirs did not confider the expences neceflary to tranfport 
the colledtion down the Maefe, where each fovereign puts an 
enormous duty upon everything that pafles through his terri¬ 
tories, nor the fmall number of perfons who were likely to 
purchafe it, they rated the price fo high that nobody chofe to 
bid for it. 

The eldeft daughter having at length become poffeffed of 
the whole, offered me the principal fpecimens at a price I 
agreed to. Amongft them were the duplicates I have already 
feut to the Britifh Mufeum, and with which the honourable 
Truftees are perfectly fati&fied. Thefe fpecimens may ferve 
ikewife to afcertain what I have laid about them, as being 
eal fragments of phyfeteres, fome of turtles, and the like, 
but not a fingle one of any fpecies of crocodile. 

§ 3. The arguments for their being jaw-bones and vertebra; 
of fifhes feem to be, firft, the fmoothnefs of thefe bones; 
and, fecondly, the many holes by which the nerves go out at 
the fide, and under each tooth, as is very evident in that beau¬ 
tiful fpecimen now in the Britifh Mufeum, on the outfide of 
which eleven boles are vifible, in the fame manner as they are 
in the delphini, and more particularly in the lower jaw-boi»e 
of the cete, the Phyfeter macrocephalus, or pot-fifh, cacha¬ 
lot, &c. Thirdly, the form of the teeth, which have folid 
roots, as in tab. XV. fig. 6. B, C, E, F, and the fix teeth of tab. 
XVI. Fourthly, becaufe there are little teeth in the palate, as 
in Dean Godding’ s fpecimen. Fifthly, becaufe the vertebrae 
have the appearance of true cetaceous vertebrae, as in fig. 5. 
tab. XV. and in feveral beautiful and large fpecimens nowin the 
Mufeum. Several of thefe vertebrae were befides mtirely un¬ 
known 
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known to me, and not at all analogous to the vertebrae of the 
crocodile, defcribed and reprefented by Dr. N. Grew. 

§ 4. As I intended to vifit London in 1785, I flattered 
myfelf I fhould ftill find the Ikeleton of the great crocodile 
formerly at Greffiam College, and be able to find out fuch 
charaderiftic diftindions as fhould be neceflaiy to decide the 
queftion. Dr. Gray was fo kind as to go with me to the 
lower apartments of the Britifh Mufeum, where we found, 
though not without difficulty, the fkeleton much negleded, 
fpoiled, and deprived of fevcral interefting parts. I admired, 
neverthelefs, the remainder of it, being infinitely pleafed with 
the tranfverfe futures, tab. XV. fig. t, 2. a, b. c y f S, £ by 
which not only thofe of the neck and thorax, but thofe of 
the loins alfo, are divided, and which I made a drawing of, as 
large as the life, the 20th of Odober, 1785, of which fig. u 
and 2. are very accurate copies. 

I confefs I had not obferved that particular divifion or future 
in the fkeleton of a fmall crocodile, of thirteen inches, made 
by my youngeft fon *, but after being apprized of it by the 
large fkeleton in the Mufeum, of twelve feet four inches, 
Paris meafure, on looking at my own when I returned 
home, I found them both alike, and that thofe parts were not 
epiphyfes; of which, however, the tranfverfe procefles of the 
neck. fig. 1. d, e, q y <?, n, p> have all the appearance, though 
there is no other epiphyfis to be obferved in the reft of the 
bones of that large fkeleton. 

When we compare the foffil vertebra, fig. 5* with thofe now 
in the Mufeum, we ffiall find the epiphyfes AB, CD, analo¬ 
gous to 4, by Cy dy fig. 4. being the real epiphyfes in the ver¬ 
tebra of a young porpoife. 

I procured, 
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I procured, in London, the largeft vertebrae of the neck of 
a turtle I could get, and prepared two of them as in fig- 3. in 
which, as along the back of that lingular creature, I found the 
tranfverfe divifions a, c, d, f: of all which I have not feen a 
fingle inftance amongft the dorfal fpinae from St. Peter’s moun¬ 
tain, one of which confifts of feven, another of twelve, and a 
third of fourteen vertebra?. Some of the vertebra? have, 1 
acknowledge, an inferior procefs, as in the crocodile, /, 
fig. 1. Of thefe I have fent likewife two to the Mufeum. 
The oftrich, and the turtle Mydas, have fuch proceffes, but 
no quadruped I know of. 

The articulation of the vertebrae with each other, by the 
furfaces of the bodies themfelves, is intirely different, not only 
from that of the crocodile, but from that of all the cetaceous 
fifties I have ever feen: and I dare venture to affert, I have 
feen a great many, exclufive of thofe in my col left ion. The 
anterior part of the Maeftricht vertebrae is more or lefs trian¬ 
gular and hollow, as in fig. 5. C, D, L. Thepofterior AB is 
convex. Both thefe furfaces are very fmooth, as if they had 
been covered with a very thin cartilage, and moved one upon 
the other, without being united by an elaftic lamella, as in all 
quadrupeds and cetaceous fifties; in which the vertebra? have on 
both the furfaces a round brim, or circular edge, a, h, /, b, by 
means of which the ligaments are connected, and a flat hollow 
furface within, as h, i, fig. 4. for the elaftic pulp that is between 
them. 

' § 5. The dentition is fo fingular in thefe foflii jaw*bones 

that it deferves a particular defeription. In all quadrupeds, as 
in man, the teeth which appear firft are all fhed at a certain 
period of life, and in the'mean time new ones are formed 
above, under, or at tiie fides of the primordial or temporary 
3 teeth, 
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teeth, but in different fockets. The grinders are not all re¬ 
newed, but in general three when there are fix, and two when 
there are five. Nature, however, is not always uniform in this 
operation. Mr. John Hunter, a worthy Member of our 
Society, has given a very interefting and complete natural 
hiftory of the teeth, in which thefe obfervations are Hated. 

In the crocodile the lucceedingor fecondary teeth appear even 
when the animal’s head is equal to two feet; that is, when it 
has acquired one-third of its ufual growth. When they grow 
too faft, before the temporary tooth is fhed, they perforate the 
fide of the bone, at the part where they meet with the leaf! 
refiftance. Inftances of this variety occur in the large croco¬ 
dile’s head, which is in my collodion. 

In all quadrupeds the enamel is, of the folid parts of the 
teeth, the firft formed, making a cavity, in which the other 
bony fubftance h depofited, and formed by lamellae placed 
one within another, as is obferved by Mr. John Hunter in 
the work already mentioned, p. 9a. To this the root is added, 
which is filled in the fame manner till the tooth is long enough 
to pierce through the gums. 

But in the foflil jaw- bones of St. Peter’s mountain, a 
fmali fecondary) tooth is formed, with its .enamel and folid root 
at once, within the bony fubftance of the primordial or tem¬ 
porary tooth itlelf, as is to be feen in the fmali fragment nfcw 
jn the Britifh Mufeum, and in tab. XVI. A, R, C, D, E i which, 
by continuing to grow, feem to make by degrees fufficient ca¬ 
vities in the bony roots of the primary teeth; but what be¬ 
comes of them at laft, and how they are fhed, I am not able 
> to guefs. I have one in my colledion, where the fucceeding 
tooth is intirely formed within the center and fubftance of the 
primordial tooth. In the6th figure (tab.XV.)a little oyal cavity is 

obfervable ? 
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•obfervable, which has been the feat of a new or fecondary 
tooth. 

§ 6. The maxilla inferior of the incognitum, fent by me to 
the Britifh Mufeupa* is a mod magnificent fpecimcn, having 
fourteen teeth. A fimilar one, fomewhat longer (as it mea- 
fures 3f feet) in my own collection, has alfo fourteen. Ano¬ 
ther fragment of the left fide, two feet long and eight inches 
broad, {hews the primordial and fucceeding teeth in the cleared 
manner. 

The fpecimen, of which I fent a drawing (tab. XVI.) to the 
illuftrious Prefident of our Society, Sir Joseph Banks, is dill 
more ufeful to confirm the mode of dentition than any other I 
have in my mufeum. 

§ y. Several ribs and the phalanges of the toes of the fore¬ 
feet, a fpecimen of which I fent in a fragment from the fame 
rock, of about a foot long and eight inches broad, may ferve 
as another proof of the difference between thefc and the cro¬ 
codile’s roes, when compared, with the ftill valuable, though 
neglefted, Ikeleton in the Britifh Mufeum; which I am forty 
I could not make a drawing of, having been too much em¬ 
ployed on other objeCts. 

All thefe charaCteriftic differences cannot fail to convince the 
"learned Society of the truth of what I have afferted, about the 
animal thefe bones belonged to; for though we cannot deter¬ 
mine exactly the fpecies itfelf, yet I flatter myfelf the preceding 
©bfervations evidently prove, that they did not belong to any 
‘animal of the crocodile kind. 

§ 8. Another very beautiful fpecimen, a foot and a half 
long, and about ten inches broad, I have been induced to add, 
becaufe it contains the anterior part of the fcutum of a very 
large turtle. Of this Mr. John Hunter has an analogous 

bone 
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Lone from the fame mountain in his valuable cohesion, but 
font to him under another name. I am convinced it belonged 
formerly to a turtle; firft, becaufe I have from the fame 
mountain the intirc back of a turtle, four feet long and fix- 
teen inches broad, a little damaged at the fides, and a pretty 
large fragment of another tui tie, in mypoflefllon. 2dly, Be- 
caufe 1 have a fimihr one, but l'o placed within the matrix as 
to fhew the infide, which is perLdly analogous to the infide 
of that piece in the back of a large turtle I got in London, by 
the favour of Mr. Sheldon. 3<dly, Becaufe I have amongft thefe 
bones the lower jaw-bone of a veiy large turtle, of which 
the crura, though not intire, are feven inches long, and 
diftant from one another fix inches; the thicknefs is equal to 
11inch. 

All thefe fragments prove the frequency of turtle bones 
amongft the other Mil bones found in the mountain near 
Maedricht. 

Dr. Michaelis wrote to mefome time ago, that the above- 
mentioned fragment, in Mr. J. Hunter’s Collodion, be¬ 
longed to a bird; which I could hardly believe, as I never had 
Den in any collodion whatfoever, either in London, Paris, 
Bruflbls, Gottingen, Caffel, Brunfwic, Hanover, or Berlin, 
nor in my own country, any foffii bone belonging to a bird. 
I know there is a fmall one deferibed in the Abbe Rozier’s 
Journal de Phyfique, for March 1782, which is at prefettt in 
the collodion of M. d’Arcet, at Paris. I exped alfo from 
Montmartre a fmall leg of a petrified bird; but thefe are the* 
only ones 1 have ever heard of, thofe of Stoncfield, near Wood- 
dock, being mod undoubtedly of fifties. I think it is a cir* 
cumdance worthy the attention of the curious, that no human 
Vol. LXXVI, Nnn bones, 
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bones, and of birds but very few, have been hitherto found in. 

a petrified ftate, and belonging to the old world. 

PETRUS CAMPER. 

Klein Lankum, near Francker, 

June 18, 1786. 


EXPLANATION OF THE PLATES. 

TAB. XV. 

Fig. 1, 2. Are vertebrae taken from the fkcleton of the cro¬ 
codile defcribed by Dr. Neh. Grew, in his Catalogue of the 
Natural Rarities at Grelham College, p. 42. and p. 43. 

tf, b . c,f. f 9 £ the bodies of the vertebra:; a, b of the 
fourth ; c, f of the firft vertebra of the neck; / 3 , %, t. and 
x t y, w. the fpinous procefles; y (Z. and r. the afeending; 
f, and u v. the defending procefles; g, h, c, /. d, e f n, p, o t q. 
the tranfverfe, united by cartilages to the bodies of the verte¬ 
brae. Grew calls them ojfa tnucronata. The tranverfe pro¬ 
cefles of the fourth vertebra being loft, the roots of the mucro- 
nated procefles are very evident at g h, i k. 

O 11 the under part of thefe vertebrae arc (/ and m) procefles, 
fimilar to thofe we find in the vertebrae of the neck in turtles 
and birds. Not only the fix pofterior but the five anterior ver¬ 
tebrae of the back are provided with fuch procefles; of thefe, 
however, Dr. Grew makes no mention. 
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Fig. 2. Reprefents the feventh vertebra of the back; A» 
and C. are the amending and ddcending procclils, forming 
tlie articulations with the adjacent vertebra? ; B. tiic trani- 
verfe procefs, to which is united the rib FB. in B.; 
DE. the lpinous procefs; II, H, I. the body of the fame ver¬ 
tebra. 

Thefe figures are as large as the life, and made from the 
fame fkeleton, now in the Britifh Mufeum. The whole longth 
is equal to 12] feet, Paris mealure ; the head equal to 2 feet; 
the neck equal to 1 foot; the trunk equal to 3 feet 8 inches * the 
tail equal to 5 feet 8 inches. The meafurement given by Dr. 
Grew does not agree with mine; but he feems not to have 
taken it with great attention (p. 42.), for he makes ufc of the 
words about , almof , See. 

Observation. What flruck me was, the tranfverfc future, 
a, b. c, f. 8, £ which divided the bodies of all the vertebra; of 
the neck, back, and loins. This divifion ended with the os 
facrum, which was intire, as were alfo the vertebrae of the tail. 
Dr. Grew feems only to haven taken notice of the futures be¬ 
longing to the tranfverie proceffes. 

I have a fmall ikeleton of a crocodile equal to 13 inches, in 
which the 7 vertebrae of the neck, 12 of the back, and the 
5 of the loins, are divided in the fame manner as in the large 
fkeleton in the Britifh Mufeum. Thofc of the os facrum 
and tail are without, and have no mark of an cpiphyfis. 

Conclusion. The tranfverfc divifion of the vertebrae above- 
mentioned is alfo peculiar to this animal; and there is no 
epiphyfis, as in other animals. 

To be fure of this, I differed and made a fkeleton of the 
Lacerta Iguana, Linn. fp. 26. perfedly well deferibed by 

N n n 2 Marc- 
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Marcgraf, Bift . Braf. p. 236. cap. 11.; but I found no 
fuch divifions, though the animal was young, and though it 
had {till epiphyfes on the legs, &c. The neck confifts of 4 verte¬ 
brae, the back of 11, the loins of 9? the os factum, of 2, as 
in the crocodile; the tail of more than 60. 

The difle&ion of tortoifes feemed to me of conference, at 
leaft a more accurate iafpeftion of the vertebrae, particularly 
thofe of the neck, as being analogous in l'ome refpe&s to 
thofe of the crocodile, efpecially in the ftrufture of the infe¬ 
rior procefles D, and E, with /, fig. 1. 

Fig. 3. Reprefents two vertebra; of the neck of a pretty- 
large turtle, natural fize. 

AR, BC. the bodies; L. and I. the amending, H. and T. 
the defcending procefles; R. K. the fpinous, a, b. d , e. the 
tranfverfe, and D. E. the inferior procefles. 

a , b, c. d, e,f the traaifverfe d'ivifion of thefe, fimilar to- 
that in the crocodile. 

Fig. 4. A vertebra from the tail of a young phocaena or 
porpoife; in which a> b. is an orbicular plate, united by means 
of cartilage to the body of the vertebra a , d. which is provided 
with fuch a one on both fides, a, b. and c f d, 

Thofe bony lamellae are the epiphyfes of the vertebra?, and 
are alike in all quadrupeds, to which clafs all the cetaceous 
fifties belong. When we confidcr the ftru&ure mi general 
cf thefe laft, we find the hind legs only are wanting, and of 
courfe the offa innominate; but the offa pubis are very re¬ 
markable in all of them.. 

Fig. 5. fs a foflil vertebra of the unknown animal 1 , whofe 
bones are fo often met with in St. Peter’s Mountain at Maef- 

7 tricht, 
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tricht. A, B, C, D. is the body; C, I, K, E, F. the fpinous 
proceffes; C, K, I. the medullary canal, running under 
K, E, F, in a direction parallel to IF, and coming out again 
at F. The remaining marks of the lamellated epiphyfes I, D. 
and A, B. are evident proofs of the analogy between thefe and 
the vertebra: of the cetaceous fifties; and alfo of their want of 
refemblance to the vertebras of the crocodile, as will appear by 
comparing the firfi: and fecond figures with the fifth. 

Fig. 6. Is a very accurate drawing of one of the foffil 
teeth belonging to the fame incognitum. AB C. is its point, 
of a lanceolated figure, whofe edges BA, and AC, are 
dentatcd; B C. is the root, uneven, bony, fixed within the 
focket with D, G, F.; D, G, B, C. is covered with the gums ; 
II, I. is an oval finuofity, in which generally the fecondary 
teeth are generated, as is feen in tab. XVI. reprefenting 
a fragment of the upper jaw-bone of the fame incognitum, 
A, B, C, D, E. 

The teeth in all the Phyfeteres and Delphini have folid roots, 
except in the young ones, in which they often have cavities to 
receive the blood-vcffcls and nerves* But the crocodile has the 
teeth intirely hollow, as appears in 

Fig. 7. in which the cavity it. A, ©, fhews the difference 
between the crocodile’s teeth and thofe of the cetaceous and 
other fifties. This tooth is the anterior one of a large head of 
a crocodile, two feet long, and of the fame fizc as that in the 
Britifh Mnfeum. A hollow tooth may notwithftanding be¬ 
long to a Phyfeter, as Dr. Otho Fabricius obferves in his 
Fauna Groenlandica, p. 44. when fpeaking of the Phyfeter 
microps: of which he fays, “ Habet in maxilla inferiori dentes 

22, 
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22, utrinque n arcuatos, falciformes, intus ad apicem ufyue 
cavos withiu they are hollow to .the very eud. 

tab. xvi. 

Fragmetitum Maxillae fuperioris, lateris dextri capitis Phy- 
feteris incogniti, ex Monte St. Petri, Traj. ad Mofam. Origo 
dentium ferotinorum ex ipfis radicibus folidis prinao enatorum 
in quinque manifefta eft. Quae ad dentitionem hanc fingularem 
pertinent, ex figur, 2. Tab. Fragm. firailis led Maxill. inf. 12 
Aug. 1784. peti debent. 

































































































[ 4 J 7 ] 


XX m Catalogue of One 'Tboufandnew Nebula and Clujiers of 
Stars. By William Herfchel, LL.D. F. R. S. 


Read April 27, 1786. 

T HE following Catalogue, which contains one thoufand 
new Nebulae and Clufters of liars, is extracted from a 
feries of obfervations (or Sweeps of the heavens), which was 
begun in the year 1783, and which I am Hill continuing till 
the whole be completed. As I may, perhaps, find an oppor¬ 
tunity hereafter to publilh thefe obfervations at full length, I 
lhall now only mention fuch circumftances, relating to the 
inftrument and apparatus with which they were made, as will 
be neceffary, to Ihew what degree of accuracy may be expected 
in the determination of the places of thefe Nebulae and Clullers 
of liars} and alfo to ferve any aftronomer, who wilhes to' 
review them, to form a judgment what inftrument will fuffice 
for this purpofe. 

The telefcope I have ufed, as has been obferved on a former 
occafion*, is a Newtonian refle&or of 20-feet focal length,, 
and 18^ inches aperture. The fweeping power has been 157, 
except where another is exprefsly mentioned. The field of 
view 15 / 4". 

1 My eye-glafs is mounted on that fide of an oflagon tube,, 
which, in the horizontal pofition of the inftrument, makes an 
angle of 45 0 with the vertical; having found, by experience, 
that this pofition, refembling the fituation of a reading delk, is 

* Philofophical Tranfadtions, vol. LXXIV. p. 437. 

pro* - 
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preferable to the perpendicular one commonly ufed in the 
Newtonian conftrudion. 

In the prefent improved ftate of the apparatus this telefcope 
will, in general, give the relative place of an objed by a {ingle 
obfervation true to within iS or 2 minutes of polar diftancc, 
and 4 or 6 feconds of time in right afcenfion. But when there 
is an opportunity of repeating the obfervation, it will hardly 
-differ a {ingle minute in the former, and feldom fo much as 
3 or 4" in the latter. My apparatus, however, has not been 
equally perfect from the beginning; for, being from time to 
titpe adapted to the different views I had in fweeping, it could 
only arrive to its prefent degree of perfedion by many expe¬ 
riments and gradual improvements. 

To begin a flioit hiftory of this 20-feet telefcope. In the 
month of Odober of the already mentioned year I began to 
nfe it, being then mounted on its prefent hand, but with a 
lateral motion under the point of fupport of the great fpeculum, 
bv which its direction could be changed about 15 degrees. It had 
alfo a kind of moveable gallery in front, about nine feet long, 
which permitted me to follow a celeftial objed near 15 degrees 
more; by which means I obtained a range of 30 degrees with¬ 
out moving the ft and. The Newtonian form has the capital 
advantage of rendering obfervations equally commodious in all 
altitudes; I had therefore placed the inftrument in the meri¬ 
dian, that 1 might view the ftars in their moft favourable 
fituation. 

When I had feen moft of the objeds I wiflhed to examine, 
I proceeded to the work of a general review of the heavens. 
The firft method that occurred was, to fuffer the telefcope to 
hang freely in the center; then, walking backwards and for- 
w ds on the moveable gallery, I drew the inftrument from 
' that 
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that portion by a handle fattened to a place near the eye-glils, 
fo as to make it follow me, and perform a kind of very flow 
ofcillations of 12 or 14 degrees in breadth, each taking up 
generally from 4 to 5 minutes of time. At the end of each 
ofcillation I made a fhort memorandum of the obje&s 1 chanced 
to lee; and when a new nebula or clutter of ftars came in my 
way, I made a delineation of the ftars in the field of view, 
both of the finder and of the telefcope, that it might ferve me to 
find them again. This being done, the inftrumcOt was, by means 
of" a fine motion under my hands, either lowered or railed 
about 8 or 10 minutes, and another ofcillation was then per¬ 
formed like the firft. Thus I continued generally for about 
10, 20, or 30 ofcillations, according as circurattances would 
permit; and the whole of it was then called a Sweep , and as 
fuch numbered and regiftered in my journal. 

When I had completed 41 Sweeps, the difadvantagesof this 
method were too evident to proceed any longer. By going 
into the light fo often as was neceffary to write down my obser¬ 
vations, the eye could never return foon enough to that full 
dilatation of the iris which is abfolutely required for delicate 
obfervations. The difficulty alfo of keeping a proper memo¬ 
randum of the parts of the heavens which had been examined 
in fo irregular a mauner, intermixed with many fhort and long 
ftops while I was writing, as well as the fatigue attending the 
motion, upon a not very convenient gallery, with a telefcope 
in my hands of no little weight, efpecially at the extremes of 
the ofcillations, where it made a confidcrable arch upwards, 
were fufficient motives to induce me to look out for another 
method of fweeping. And it is evident, that the places ot 
nebulas hitherto determined, which was till the 13th of De¬ 
cember, 1783, mutt be liable to great inaccuracy. I therefore 
Vo 1* LXXVI. O 0 0 .began 
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began now to fweep with a vertical motion; and as this ill— 
creafed the labour of continually elevating and depreffing the 
telefcope by hand, T called in the affiftance of a workman to do 
that part of the bufmels, by which means I could obferve very 
commodioufly, and for a much longer time than before. 

Soon after I removed alfo the only then remaining obftacle 
well, by having rocourfe to an afliftant, whole caic it 
was to write down, and at the fame time loudly to repeat after 
me, every thing 1 required to be written down. In this man¬ 
lier all the deferiptions of nebulae and other obfervations were 
recorded ; by which I obtained the lingular advantage that the 
deferiptions were actually writing and' repeating to me while I 
had the objed before my eye, and could at pleafure corredt 
them, whenever they difag reed with the pifture before me 
without looking from it. 

In about half a dozen fweeps, done according to this new 
way, I found that the ftars of Flamsteed’s Catalogue en¬ 
tered nearly at the time when they were expected; this fug- 
gefted the poffibility of converting my telefcope into a trartfit 
ktftrument. By way of trial, Dec. 18, 1783, I began to ufe 
a watch, and noted the times of the tranfits of ftars and ne¬ 
bulae to the neareft minute; and, this fucceeding, Dec. 24, 
a fidereal time-piece was introduced. 

I found alfo that, by the turns of the handle which gave 
motion to the telefcope, it was pra&icabie,, in a coarfe way, to 
afeertain the difference of altitude between any two objects 
that paffed the field of view; on which account, Dec. 30* 
I began to ufe an index-board, divided into inches, and marked 
with numbers, which, being placed behind the rope that 
jnoved the telefcope, would 1 point out at what altitude a certain 
index, affixed to the rope, was fitraatetf. My tackle of ropes and 
3 pullies 
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pullies was fuch that, while the telefcope traverfed an arch of 
two degrees, the mark on the rope palTed over about 24 inches of 
the index-board : but the exadt meafure was always to be de¬ 
termined experimentally, as it varied according to the fitua- 
tion of the inftrument. I perceived immediately that the 
quantity of rope ufed in the motion of the telefcope would 
be much better obferved by the affiftant, if the index were 
brought within doors near the writing delk: to effeft this, 1 
ufed a fmall cord, which, being led off from the great one, 
was carried over a pulley into the obfervatory, fo as to pafs 
over a fet of numbers, which I now divided into fuch parts 
as, in an equatorial fituation of the inftrument, would give 
nearly each equal to one minute. 

It would exceed the limits of this Paper to enumerate the 
various trials 1 made to bring the right afeenfion to greater per¬ 
fection ; fuch as caufing the tube fometimes to hang inclining 
or rubbing againft a perpendicular plane; at others, drawing 
it againft the fame by a fmall weight, fattened to a cord* 
palling over a fide pulley, &c. I lhall alfo pafs over the feveral 
changes in the form of the machine thewing the polar diftance, 
which, for convenience fake, was foon brought to an index 
moving over a dial, in the manner of a clock. 

By way of directing the perfon who gives motion to the 
telefcope, a fmall machinery was added, which ftrikes a bell 
at each extreme of the breadth of the fweep, and is adjuftable 
to any required number of turns of the handle. 

In June, 1784, I introduced a fmall quadrant ojf altitude, 
the ufe of which became foon after of the greateft confequence 
in determining the value of the numbers of the polar diftance 
piece. Hitherto I had fettled this value by caufing a ftar to 
pafs vertically through the field of the finder, which was very 

Q 0 0 a accurately 
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accurately limited to two degrees; but now I found, by many 
companions between, the degree determined by the quadrant 
and by the finder, that 1 had generally under-rated the value of 
the numbers, Fortunnuly fo many fiars of Flams JKim’s Cata¬ 
logue had been tnk< n, that the numbers between their different 
polar diftances were fufficient to recover the-alue of the degree ; 
but this occafioned a laboiious re-calculation of the places of 
all objefts taken in near 300 fweeps. The quadiant being once 
introduced, I carried the refinements of the determination, in 
high fweeps where the ropes a died very unequally, fo far as to 
afcci tain by it leparately the value of every 20 or 30 minutes 
throughout the whole breadth of a fweep of two degrees, and 
the numbers were then accordingly call up by fo many different 
tables calculated on purpofe. 

Being ftill difappointed in many inftances, when, on a re¬ 
view of a nebula whofe place I had before determined, I per¬ 
ceived a difference of 4 or 5 minutes in polar diftance, I began 
at laft intirely to new model the machinery of the polar diftance 
piece, and on Sept. 24, 1785, completed one with the follow¬ 
ing capital improvements. My former piece fliewed a fet of 
numbers whole value differed in every fituation of the telefcope, 
and therefore required different and very extenfive tables to caft 
them up in degrees and minutes. This Chews at once both 
the degree and minute of the polar diftance of every ccleftial 
objeft, without requiring any tables to caft up numbers. In 
the next place, the confiderable inaccuracy arifing from the 
unequal tenfion of the great ropes, and their expansion or con- 
traftion by moifture or drynefs, is intirely taken away; for 
now my index cord is contrived fo as to go off from the front 
of the telefcope itfelf, in the di reft ion of a tangent to the arch 
it deferibes when moving * by which means this cord will even 

ferve 
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fcrve as an hygrometer to fihew the variations of the ropes that 
fufpend the teiefcope. if a fhovcer of rain, for inftance, fhould 
fhoi ten them fo as to elevate the teiefcope 2, 4> or 6 minutes, 
which hac happened iometimes, notwithftanding they have all 
been well faturated with oil, the index cord will immediately 
make the polar-diftance-clock fhcw this effect of the rain, by 
pointing out an equal change on the dial. As to the varia¬ 
tions of the cord itfelf, they are in the fiift place very trifling, 
iince it confifts merely of a few threads of hemp, very loofcly 
twifted, well oiled, and always equally ftrctched; but efpe- 
cially thefe variations are of no confequence, as they are fo 
eafily to be difcovered by the check of the quadrant of altitude 
affixed to the teiefcope, or the fucceflivc tranfits of known 
ftars, and may either be immediately corrected by the adjtilla¬ 
ble hand of the polar diftance dial, or be left to be accounted 
for afterwards. 

The improvement of the light afeenfion has not been 
lefs attended to; and the Royal Society having kindly in- 
trufted me with an excellent time-piece, I fucceeded at laft by 
means of the addition of the following apparatus. Againft the 
fide of the tube is fixed a vertical iron plate, and the point of 
fufpenfion of the teiefcope is difpofed fo as to permit this 
plate to be juft in contact with a roller which remains fixed 
during the time of a lweep. T. here is alfo a confkkrablo fpring 
applied on the oppofite fide, in fuch a manner as, by always 
exerting a prcfTure nearly uniform, to caufc the iron plate to 
rub againft the fixed roller as the teiefcope fwceps up and 
down. By this means I have frequently, in very ftormy wea¬ 
ther, obferved many hours without finding my time materially 
affected, and the corrections will fcldom, in accurate obfer- 
vations, exceed a few foconds. 

2 
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To thofe who are accuftomed to the accuracy of tnnfit 
inftruments in regular obfervatorics, this tddeope, notwith- 
fi an ding the above-mentioned improvements, may peihaps 
appear far from being brought to perfection ; but they lhould 
rccollcft the fize of the inftrument as well as its exteulivo life, 
l'mce I can not only follow any objed for near a quarter of an 
hour, without difturbing the fituation of the apparatus, but 
can at pleafure, in a few minutes, cum it to any part of the 
heavens, and view a celeftial objed wherefoever it may chance 
to be lituated, even the zenith not excepted. 

From this account it will be underftood, that the places of 
a few of the nebulae and clutters of ftars, determined before 
the 13th of December, 1783, may be faulty in right afeenfion 
as far as i / of time, and in polar diftance to 8 or xo / of fpace. 
Afterwards the errors will be found to become gradually lefs 
confiderable till the latter end of the year 1784, when, I 
fuppofe, they will feldom exceed half that quantity. From 
that period to Sept. 24, 1785, they will diminUh, and pro¬ 
bably not often amount to fo much as 3 or 4'' in polar diftance, 
and 10 or 13" in right afcenfion. And now I flatter myfelf 
that all places, determined fince the laft mentioned time, will 
generally be true to a very fmall quantity ; fuch as 4 or 6 " in 
right afcenfion, and 1 b or 2' in polar diftance, and often much 
nearer. 

Some of the nebulas in that part of the heavens which, in 
a former Paper, I have called the ftratum of Coma Berenices, 
are indeed fo crowded that there was no pofiibility of taking 
them all in the center of the field of view, and a fomewhat 
lefs degree of accuracy may therefore be expected; but having 
ufed myfelf by very frequent eftimations of the parts of the 
field of view to judge of their value in time as well as in fpace, 

I corrected 
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I corrected this defed at the moment of obfervation by affixing 
to the tranfits of thefe excentric nebulae fuch proper marks of 
plus or minus in right afcentiou and polar diftance as I judged 
would bring them to a central obfervation. A fimilar method, 
well known to good aftronomers in eftimating their tenths of 
feconds by the proportional fpace over which the ftars move in 
their meridian paflage, makes it unneceflary to expatiate on the 
degree of accuracy that long pradice enables us herein to- 
obtain. 

If, however, I had' been willing to delay giving this cata¬ 
logue till, by a repeated review of the heavens, the places had 
been more accurately determined, the work would undoubtedly 
have been more perfed; but whoever confiders that it requires' 
years to go through fuch obfervarious will perhaps think with 
me, that it is the bed way to give them in their prefent date, if it 
were but to announce the exiftence of fuch objeds by way of. 
inducing other aftronomers alio to look out for them. Another, 
motive for not delaying this communication is to {hew that my 
late endeavours to delineate the conftrudion of the heavens have- 
Seen guided by a careful infpedion of them; and, probably,, 
a catalogue which points out no lefs than one thoufand in- 
dances of fuch fyflems as thofe are into which I have fhewn- 
the heavens to be divided, will confiderably fupport what has 
been faid on this fubjed in my two laft Papers. 

When the diurnal motion of the earth was firft maintained, 
it could not but greatly add to the reception of this opinion 
when the telefcope expofed to our view Jupiter, 1 Mars, and 
Venus, revolving on their axes *; and if thefe inftances of 

♦ To thefe may nbw alfo be added Saturn, on whofe body I have, in the year 
1780, feea fevcral belts, with fpota that changed their fixation in the courfe of a. 
few nights, . 
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the fimilar condition of other planets fun port the doClrine of 
the diurnal motion, the view of lo many tale real fyftems, fomc 
of which we may dilcern to be of a moll furprifmg extent and 
grandeur, will in like manner add credit to what I have pro- 
poled with regard to the condition of our filiation within a 
lyllem of liars : lor, to the inhabitants of the nebulas of the pre- 
fent catalogue, our fidercal fyllem mull appear either as a final 1 
nebulous patch; an extended ft teak of milky light; a large 
refolvablc nebula; a very eotnpreflul duller of minute liars 
hardly difcerniblc; or as an immenle collection of large fcattcred 
ftars of various frzes. And either of thele appearances will 
take place with them according as their own fituation is more 
or lefs remote from ours. 

In the diftribution of the nebulae and chillers of ftars into 
chiles, I have partly considered the convenience of other ob- 
fervers: thus, in the firlt clafs, the degree of brightnefs of the 
nebula has been the leading feature, as moll likely to point 
out thofe which their ieveral inftruments may give them ex¬ 
pectation to reach. The firft clafs, therefore, contains the 
brighteft of them; the fecond, thofe that Ihine but with a feeble 
light; and in the third are placed all the very faint ones. Be- 
fides this general divifion, I have added a fourth and a fifth 
clafs, which contain nebula that, on different accounts, feemed 
to deferve a more particular defeription tlum I had allotted to 
the three former divifions. 

Theclufters of ftars are forted by their apparent compreffion, 
in the manner of my former Catalogues of double, treble, and 
multiple ftars; fo that the clofeft and richeft clufters take up 
the firft clafs j the brighteft, largeft, and pretty much com- 
prelfed ones, the fecond; and thofe, which con'fift only of fcat- 
tered and lefs collected large ftars, are put into the laft. 


In 



new Nebula and Clujlers of Stars. 4 &7 

In every ciafs the order of time when the nebulae and 
clufters of ftars were difeovered, or firft oblerved with my ao- 
feet telefcope, has been followed ; and that I might deferibe all 
thefe objects in as finall a compafs as could well be done, I 
have ufed tingle letters to exprefs whole words, an explanation 
of which, with an example of the manner of reading thofe 
letters, is given. It fiiould be obferved, that all eftimations of 
brightnefs and fize muft be referred to the inftrument with 
which the nebulae and clufters of ftars were feen; the clear- 
nefs and tranfparency of the atmofphere, the degree of atten¬ 
tion, and many more particular circumftances, Ihould alfo be 
taken into confideration; fo that probably feme of the nebulae 
which I have called very bright, and very -large, may only be 
juft perceivable, as very fmall faint patches, in many of our 
beft common telefcopes. 

The Identity of each nebula in this catalogue has been well 
afeertained by a projection on a proper map, made oil purpofe, 
which pointed out all other nebulae near its place, and thus 
afforded the means of a rigorous examination. When, there¬ 
fore, feveral nebulae are found within the limits of the accu¬ 
racy with which my telefcope can diferiminate them, in dif¬ 
ferent nights, it may be concluded, that they were feen either 
at once in the fame field of view, or otherwife in immediate 
fucceffion during the fame fweep. 

In the fame manner thefe nebulae have been compared with 
thofe that are contained in the two volumes of the Connoijfance 
des tempS) for the years 1783 and 1784, of which none have 
been inferted in this catalogue. It was indeed eafy enough to 
diftinguifti the nebulae of that excellent collection from thofe 
of mine which in feveral places are very near them 1 The 
quantity of good light in my telefcope having enabled me, 
You LXXVI. ‘ P p p even 
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even in bright moon-light nights, to fee occafionally fbme of 
the moft feeble of the former, when the latter could not by 
any means be perceived. 

Perhaps it will not be difpleafmg to thofe who may look out 
for i'ome of the objects contained in this catalogue, to know 
that the pictures which were given in a former Paper, rcpre- 
fenting the various fhapes and appearances of feveral nebulae, 
have been actually taken from nature, by Drawings made of 
them while I had them in view; I have therefore added a 
reference to thefe figures, as the deferiptions of the originals 
which they reprefent occur in their order in the catalogue. 

Arrangement of the columns , and explanations of the 

abbreviations. 

The firft column contains the clafs and number of the 
nebulae. 

In the fecond are the dates when the nebulae were firft 
obferved. 

The third column contains the ftar, or other objedt, by 
which the place has been determined. 

In the fourth column the letter p or f fhews that the nebula 
is either preceding or following the ftar. 

In the fifth is the time, in fidereal minutes and feconds, by 
how much it precedes or follows the fame ftar. 

The letter n or f, contained in the fixth column, denotes 
that the nebula is north or fouth of the determining ftar. 

In the feventh is the quantity, in degrees and minutes, by 
how much the nebula is more north or more fouth than the 
lame ftar. 

The eighth column contains the number of obfemtions that 
have been made of each nebula; and it is to be noted, that 

€ the 
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the determination of the place is generally taken from the laft 
obfervation, on account of the more perfedt Rate of the telefcope. 

The ninth column, or remaining fpace, contains the de- 
fcription of the nebulae, by means of fingle letters, or now 
and then a few words added to them. 

The abbreviations are to be underftood as follows. 

B. Bright. v. very. 

F. Faint. c. confiderably. 

L. Large. p. pretty. 

S. Small. e. extremely. 

Of thefe letters I have compofed vB. cB. pB. pF. vF. eF. 
vL. pL. pS. vS. eS.; all which require no farther explanation. 
R. Round. 1 . a little. 

E. Extended. i. irregularly. 

M. in the middle. g. gradually, 

b. brighter. f. fuddenly. 

m* much. 

When thefe are joined we have iR. mE. IE. bM. gbM. f bM. 
mbM. IbM. glbM. gmbM. fmbM., and by taking in feme of 
the former letters BM. vBM. cBM.; where no other remark 
•will be neceffary than that writing for inftance bM, or brighter 
•in the middle, it is intended to exprefs, that a nebula, which 
is faint at the borders, is lefs fo towards the middle. And 
'thefe degrees of brightnefs happening fometimes to be fo well 
■united from the moft imperceptible border to a very luminous 
center, I have, on fuch occafions, ufed the expreffiou vgmbM, 
or very gradually much brighter in the middle, 
r. refolvable. m. milky, 

er, (joined) eafily refelvable. 
iF. (joined) of 'an irregular figure, 

* C, Cometic, or refembling a telefcopic comet* 

Pp.pa 


N. 
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N. having a Nucleus, or bright compreffed fpot. 

1, b, or d. (joined to minutes) long, broad, or diameter. 

Hr. a ftar. ftars. 
n. north, north of. 
f. fouth. fouth of. 

p. preceding, np. north preceding. fp. fouth preceding, 
f. following. nf. north following. ff. fouth following, 
betw. between. ver. 240. verified by a power of 240. 
bran, branches, 
che. chevelure. 

mer. in the direction of the meridian, 
par. in the dire&ion of the parallel of declination, 
np ff. in a direction from north preceding to fouth following, 
fp nf. ill a dire&ion from fouth preceding to north following. 
Example. I. 13. 22. 69 Leon. p. 7. 57. 11. o. 2. 3. vB. mE. 
mer. fmbM. 7 or 8' 1 . 

13th nebula of the ift clafs. Feb. 22, 1784. It precedes 
the 69th Leonis of Flamsteed’s Catalogue / 57" in time, 
and is o° 2' more north than that ftar. 3 obfervations. Very 
bright, much extended in the direction of the meridian of the 
nebula, fuddenly much brighter in the middle 7 or 8'in length. 

I. 32.p. 5. 11. n. o. 28. 3. cB. S. BN. and 2vF bran. 

33d nebula of the firft clafs. April 13, 1784. It precedes 
the 31ft (or ift d) Virginis of Fl. Cat. $' 11" in time, and 
is o° 28 ' more north than that ftar. 3 obfervations. Confi- 
derably bright, fmall, having a bright nucleus, and two very 
faint branches. 



Firft clafs. Bright nebulae. 
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19 36 n 

T 9 f 

17 41 n 
i 8 on 
> £ n n 

3 12 n 

20 42 f 
1 31 42 n 

1 11 24. n 

I II 36 n 


o 1 3 
o 40 I 
o 48 5 

0 35 4 
o 4 4 
[2 11 1 
!o G 2 


I 23 2 
0562 
0 13 2 
1 32 5 
I 29 5 
0 46 I 
I 57 2 

1 49 3 
o 17 2 
0192 
0 s 2 
0 40 1 

2 9 1 
o 43 3 
1 8 2 

0 30 3 
0 32 2 

0 37 i 
o 28 4 
1 39 1 
o 34 2 
1 5 1 

o 20. 1 


Defcription. 

cE. cL. iF. bM. 
cB. cL vgbM.N. R. 
cB. pL. C. mbM. 
cB. pL. C. mbM. 

B. pS. iR. bM. r. 

vB. pL. gmbM. 

v 3 .L R, The place inac. 

cB. pL. iR« mbM. r. 

cB. E np ff. N and 2 bian, 3'L 

vB, pL. IE. gmbM. a'l. if'b, 

B. pL IE. bM. m. 

B p Q . R. BM. r. 
f vB. mE mer. fmbM. 7 or 8 ' 3 . 
1 Fig. 11. 

cB. cL. mE. near par. 3 or 4I. 

cB niE fp nf. fbM. 4 or $ f 1 . 

cB. vL iF. vgmbM. 

f The 2 p of 3. BothvB. cL.rabM.. 

I C. II 41. Fig. 4. 

vB. pL. gbM. 

vB. mE. nearly par. 

vB. cL. R. gmbM. 

cB. pS. 

B. S» mE. 

vB pL. r. near 2 Bft. 

8. $. in a line with 2 ft. 
cB. pL. not R. mbM. 
vB. BNM. and 2 F bran, np ff. 
f One of two, at 4 or 5'. dift.. 
1 B. cL. 

vB. cL, E par. mbM. 
vB. cL IE. iF. 
vB E mbM. r. betw. 2 Bft. 
cB. S. BN. and 2 vF. bran. 

B. L. mE. mbM. r. 
vB. cL. E np ff. SBN. 

B. vmE. vBM. 9 or io' U 
| Two. Both B. 

1 S. IE. 

B. vL. mE* mbM*. 

r*. 


{jl (A tA (A lA -fc* 



Apr. 24 51 ( 5 ) Virg p 

— - - P 

2f 28 Vi: puns t 

— 2 3 Oc’viif, ; n * 
May c 49 {/'Vii-'p'j' 

21 5 1 (0 °P h,u 1 
43 OptnueLi P 

June it 1 (w)Aquila' * 
17 43 (if) Sagit P 
24 10 (yl Sagit p 

— 19 C ) ‘Jagif * 
July 1? 42 (?) Sagit { 
Aug,2. 17 Delphini f 
Sept. 5 60 (*») Cygm f 
Oit. 5 35 (») Andr f 

XiM Pegafi p 

J Nov. 16 4 (?) Leonis 1 

xy 19 Eritid'- ; f 

20 15(1) Navis * 

Dec. 9 19 Endani P 

1/35 z 

61 Jan. 66Sextantis P 

62 JOSS (? ^ eti P 

63 —80 Ceti ‘ 

64 —8 (1 f) Erid P 

65 Feb. 7 3 1 Crateris * 

66 812 Hydrae 1 

67 — 8 (») Corn P 

68 — 53 Virginis P 

— - - P 

Mar. 5 106 Virginis f 

— V) (J) Libra p 
13 23Leonis miij f 
*—13 Can. vena p 
.—13 Can, vena p 

— - - P 


April ,3127 Urfse 


^iLeonisminjp 


21 36 f 1 

5 48 n 1 

9 24 p 

30 27 U 1 
28 ( i « 

7 if u 1 

6 3C n 
o 54 n 

17 48 f 
114 G n 

2 ib n 

3 0 f 
3 12 f 

• 6 on 
78 6 f 

12 44 f 

17 59 n 

o 46 f j 

5 9 f 
64 18 n 

6 51 n 

8 42 n 
O 25 n; 
? 12 f 

IS 9 n 
23 30 n 
25 2 f 

37 17 n 
12 40 n 
XI 411 

I 2 n 
O 3 n 

.3 ?. 

SO 17 { 
43 5 f 
40 35 f 

38 

34 *S n 

7 46 n 
33 52 n 

$7 10 n 
O 6 n 


0 14 1 vB. vL. fmbM. rN. 

021 cL. vBiNM. 

1 2 1 B.L.iR. lbM. 

0 8 2 cB. L. iR. vgbM. 

0511 t. vBM. 3 nr b' 1 . 

0 0 2 cB. pL. N. 

0 42 B. R vgrnbM. 

i 46 1 pB. cL. R. BM. r. 

0 33 1 B. vL. iF. er. ft vifiblc. 

1 44 l B. L. R. gbM. er. 

0 23 1 B. pL. bM. r. 

o 33 1 cL. R. vBM. m. 
o ij i cL. R. vBM. er. 

2 24 4 vB. S. R. gmbM. r. 

0512 vB. cL. raE. mbM. r. 

2 50 x B. cL. R. mbM. Place inacc. 
o 2 3 cB. mE. mer. gbM. 4'L 2'b. 

1 /Two, at l' diftance. Both cB. 

° 1 cL. appear like one mE. 

1 22 2 B. S. IE. mbM. 
o 21 1 S. cBM. IE. m. 
o 16 1 vB. S. IE. mbM. 

0312 vB. S. iF. 1' nfcBft. 
o 37 2 cB. pL. E. bM. 

0 25 1 B. R. mbM. i'd. 

0 2 2 vB. pL. IE. mbM. 

0 52 1 vB. pL. iR. bM. like 2 N. 

1 71 B. v 3 . iF. mbM. 

2 10 3 cB. pL. iF. mbM. 2 or 3'd. 

1 4 x cB, iR. mbM. 

1 34 1 eB. pL. iR. 

0 54 l vB, cL. iF. vgbM. 

I 4 2 cB. vS. b towards f fide. 

0 13 1 cB. cL. E. mbM. 

0 22 1 vB. S. 

i XI 1 cB. R. mbM. 

i 9 1 vB. 

0 52 i cB. L, E. 

o 23 1 vB. L. broadly E. bM* • 
041 rB. cL. vfixibM, 

1 17 1 cB. pL. R. vgrnbM. 
o 46 1 cB. S. i elliptical. 

1 4012 1 cB. cL, m. jtjjft p 2 ft. 
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i. 1785 


M. S D.M.M 


82 Apr. 6 14 (b) Comae p 37 40 f 

83 —- 2l(f) Coma t 0 10 n 

84 — - - t 19 34 n 

85 10 40 Comae t $ 9 n 

86 11 39Leonismii p 13 14 n 

87 —44Leomsmin f 9 3 ° n 

88 — - - r 13 3° n 

89 —14(A) Com® p b 18 n 

90 — - P 6 ~ 

91 —15 i c ) Coma? r 1 

no — — — f Q 


i Coma? 


0 14 2 

I 12 I 

o 55 1 
o 18 I 
O 59 i 

£ 1 I 

O I I 

o 55 1 
1 57 1 
o 19 j 

o 19 1 

l 24 l 


D^fcripiion. 

cB, pL. IE* mer. vgbM. 
cB pi, iR. mbM. 
cB iR. IBM. m. 7 or8'd. 
cB. pL. 

cB. pL. mlM. biightnefslE. 
vB. vL. gj-Vl. 
cB. cL. iR. mbM. 
vB. S. IE. 

The np of 2 cB. pL R. II, 377* 
vB, E. par.pBLN. <vt « .»* n. 

[ vB. vL, mb. np f t. *} or iQ, r 
L 1. 4 ft. in it. 
cB. pL. 


Second clafs. Faint nebulae. 


1 Q&. 28 4 1 Aqnarii p 

2 30 54(<*)PiC auft f 

3 Dec. 13 17(1 f) Ceti p 

4 —41 Ceti f 

5 18 82 ( 2 ) Ceti p 

6 — ^ - P 

7 19 45 Eridani p 

8 1 . f 

J- —44 Eridam ^ 

10 2488 (y)PegaC p 

11 306 Coma; f 

12 — 27 Come p 

1784 i 

13 Jan. 1878 (i) Leonis f 

14 3 (>) Virginia f 

15 — 20 Viiginis f 

16 23 56 Leonis P 

17 — g (s) Virginia f 

18 — 3i(Ifl)Virgp 

ig —I.ClafajNeb. p 

20 — 31 Bootis p 

21 — 32(2<*)Virgf 

22 — 3 1 B 00 ** 8 P 

23 247 S Leonis f 

24 . .. " ■“ t 

25 wjyS Virginis 


M. S D M. 


13 :: f § 

14 40 n I 2; 

g s: n 2 :: 

15 13 n 0 37 

o 5 n o 46 

I :: n | :: 

I 13 n ° 54 

1 11 f 0 41 

2 18 f o 42 
I? 38 f O 22 

1 24 n 0 24 

3 IS f 0 9 

6 18 f 1 10 

2 20 n 1 22 1 

4 12 f o 42 2 
9 32 n 1 32 4 

II 54 f 1 33 3 
12 28 n i 12 

O O f O 32 I 

118 45 f 0 38 % 
9 a8 a o ?a 4 
80 is 1 

70 o n o 26 2 
97 0 n o 72 

7 5°i 1 34 4 


Delci iption. 


| :: 1 F. cL. mE. bM. er* 

1 2 3 pB. S. iF. mbM. 

Z t* 2 F. L. mE. between 2 cBfl. 

3 37 6 pB. pS.R. mbM. C. 

3 46 8 pB. S. IE. bM. 

| t: 1 S. C> between 2 Land 1 S ft* 
0 54 3 pL.iR.vlbM. 

0 41 4 f Two. The firft. F. S. r* 
o 42 4 LThefecond, F. vS. r. 
o 23 2 F. pL. E. fp nf. bM. r* 
o 24 2 F. pL. nearly R. r. 

092 pB. cL. IE. mbM. r* 

1 10 2 pB. pL. mbM. r* 

1 22 1 IE. not C. 
o 42 2 F» pL.pR. 

1 32 4 F. vS. nearly R. 

I 33 3 F. pi. E. followed by III. 91* 

II 12 F. S. 

jo 32 1 F. pS.R. 

0 38 2 vS. 

0224 pB. pL. b towards the p Me* 
1 F. vS. 
o 26 2 F. mE. 
o 7 2 F. pL. 

I 34 4 pB. cL, nearly R. mbM* 
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IT. 

1784 

Stars, 


M. S. 


D.M, 

Ob. 

Dcfeription, 

26 

Jan, 28 

11 (j) Virg 

f 

18 0 

n 

0 45 

I 

pB. cL. b towards the f fide. 

27 

28 
20 


31 Boons 

41 (>) Leonid 

P 

f 

9 6 

t 

0 2 

0 18 

3 

F, pL. R. lb notM. 
f Two, ab nit 2' afunder. Both 

j Feb. 15 

3 45 

n 

1 

1 F. cL. R. Fig 3. 

30 

-, < 

58 (i) Leonis 

f 

6 30 

f 

2 23 

1 

pB. r. 

31 

22 

29 (y) Virg 

P 

'2 31 

n 

0 55 

2 

pB. cL. lE.par. r. 

3 * 


84 (rj Leonis 

P 

6 30 

n 

0 7 

1 

pB, vS. bM, 

33 


~ — 

p ! 

6 0 

n 

0 20 

z 

pB. pL. R. bM. 

34 

— 

60 (cr) Virgin 

ip! 

5 * 2 3 

f 

1 27 

4 

F.S. 

35 

— 

16 (r) Virgin 

t 

3 45 

n 

0 15 

2 

pB. mbM. 

3 6 

.— 

bo (o') Virgin 

p 

4 6 5 

i 

1 29 

3 

F vL.iR.bM. 6' 1 4'b, 

37 

. 

16 (t) Virgin 

1 

13 ! 5 

i 

0 40 

2 

pB, E. np ff. mbM. 

38 

_ 

35Virgipis 

p 

5 30 

f 

0 53 

2 

pB. pL. iF. r. 

39 

_ 

— 

p 

3 0 

1 

0 20 

1 

pB. contains 2 ftM. 

40 

Mar. 11 

6 ( h > Leonis 

f 

1 43 

n 

0 27 

3 

F. pL. lbM, 

4 i 

— 1 

46 (?) Leonis 

f 

16 3a 

i 

1 35 

4 

The f of 3. F. E. 

42 


78 (*) Leonis 

p 

14 0 

n 

0 12 

1 

F. S. 

43 

12 

36 (f) Leoms 

p 

3 10 

f 

0 40 

2 

pB. cL. iF. 

44 

1 - 

20 Leonis 

f 

28 15 

n 

0 48 

1 

Two. Both. F. E. lbM. r. 

45 

j 





pB. S. r. 

46 


68 (J) Leonis 

p 

37 3 ° 

n 

I 29 

1 

47 

— 

54 Leonis 

p 

2 26 

f 

I 49 

2 

pB. pL. IE. r. 3 or 4ft in it. 

48 

14 

85 (l) Gemin 

i 

5 6 45 

f 

0 42 

1 

pB. pL. lbM. contains I ft. 

49 

— 

86 Leonis 

P 

15 0 

f | 

0 19 

1 

vgbM. r. 

5 ° 

Si 

i : 

- 

P 

13 30 

f 

i 

0 22 

i 

1 

f Of three that M.pB. cL.R. blV 

1 That to the n. S. R. bM. HI. 2; 

5 2 


w — 

P 

lO 0 

f j 

0 5 

z 

pB. S. 1 E. bM, 

53 

► ' — 

• 81 Leonis 

P 

x 36 

n 

I 19 

2 

F. E. r. 

5 + 

% ***”“ 

85 Leonis 

P 

1 24 

n 

I 29 

2 

F. S. R. 

55 


II Comae 

f 

4 45 

n 

0 24 

X 

The f. of 2. r. See Note. 


— 

25 Comae 

P 

8 30 

a 

0 I 

2 

pL. iR. bM. 2 or 3'd. 

57 

58 

} «* 

5 ({) Leonis 

P 

7 *5 

n 

0 18 

1 

I Two, diftant 1' np ff. The j 
IpS.lbM.r. Tbef.pL.lbM, r. 

59 

_ 

- - 

f 

26 30 

f 

0 53 

1 

vS. C. in a row with 2 F and 1 Bi 

60 

— 

12 (f) Virg 

P 

5 15 

n 

0 xo 

1 

F.S, 

6f 

62 

} - 

34 Virginia 

P 

26 12 

f 

0 31 

2 

f Two. nearly par. The firft 

1 pL. E. The fecond F. pL. P 

6 3 

*— 

- 

P 

24 42 

f 

0 9 

2 

F. pL. mE. 

64 

-; 

12 (/) Virg 

f 

11 45 

n 

0 57 

1 

F. vS. 

65 


- - 

f 

14 45 

a 

0 50 

z 

pB. notvS. 

66 

— 

30 («) Virg 

P 

9 3 ° 

n 

0 56 

I 

pB. 

ft 


- - 

P 

8 30 

n 

1 6 

I 

pB. vS. 

68 


34 Virginia 

P 

. 10 24 

f 

0 36 

2 

pB. 

6$ 


30 (f) Virg 

IP 

0 48 

i 

0 4 

2 i 

pB. pL. R. mbM. r. 


II. 
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4 75 


Ml 

m 

Stars. 


7 ° 

Mar. 15 ■ 

j° (?) Virg 

f 

71 

— 

— — 

f 

72 

— : 

^Hrginis 

f 

73 

— 

— — 

t 

74 

75 

} - 

- 

f 

76 

— : 

10 ix) Serp 5 

P 

77 

19 

j^KJLeonis 

P 

78 

— 

- - 

P 

79 


15 Bootis 

t 

80 

21 

+7 (}) Cancri 

f 

81 

— 

51 (m) Leon 

f 

82 

— 

- 

f 

83 

- 

3 Comae 

P 

84 

— 

— — 

f 

85 

86 

} : 

25 Comae 

P 

87 


1 

!p 

88 

— 

| ^ 

p 

89 

— 

6 Comae 

f 

90 

— 

25 Corns 

p 

9 1 

1 

— — 

p 

92 

— 

- — 

p 

93 

— 


p 

94 

— 

— — 

p 

95 

— 

27 Corns 

f 

96 

— 

15 Serpentis 

f 

97 

— 

26 Serpentis 

f 

98 

22 

8 Leonis 

f 

99 

April 0 

52 (K) Leo 

£ 

r 

100 

— 

- — 

I 

r 

101 

— 

— — 

X 

102 

— 

70 (0) Leonis 

{ 

IO3 

— 

94 (0) Leonis 

F 

104 

— 

— — 

F 

i °5 

- 

34 Virginia 

F 

106 

— 

— — 

I 

107 

— 

6 Comae * 

I 

jo£ 

— 

, - 

I 

ioc 


JPM mm 

i 

j 

IIC 

in 

IIS 

li 1 

M W 

i 

1 


M. S. 


D.M. < 

>b» 

Defcriptioru 

0 45 

n 

1 7 

I 

A nebula. 

2 0 

n 

1 0 

I 

S. 

0 *5 

f 

3 54 

I 

S. IE. 

4 0 

f 

1 3 

I 

F. not vS. 




/ Two, nearly par. The 'p pB 

5 3 ° 

f 

0 42 

I 

nearly R, The f. pB. vmE. 
L 8 or 1 O' diftance. 

3 12 

i 

0 42 

2 

pB. pL. IE. gbM. r. 

4 42 

f 

0 27 

2 

p B. pL. E. b. M. r. f. pBft. 

0 12 

f 

0 27 

2 

pB. pL. r. 

l8 30 

f 

0 15 

I 

F. L. R. IbM. r. 4 or 5' dia r 

4 45 

n 

0 55 

I 

pB. pL. E. r. 2 or 3 ftin it. 

1 15 

f 

1 41 

I 

pB. pL. not R. r. 

8 15 

f 

1 35 ' 

I 

F. S- IE. r. f. pBft. 

0 15 

f 

0 43 

1 

F. pL. r. 

12 30 

f 

0 59 

I 

F. S. R. r. Note. 

13 0 

f 

0 21 

I 

f Two. The p. pB. S. 
LThef.F. S. 

n 15 

f 

1 33 

l 

S. bM> r. 

10 45 

f 

0 53 

I 

S. bM. r. 

11 12 

n 

0 31 

2 

S. bM. r. near Bft. 

7 3 ° 

f 

0 3 

I 

pB. bM. r. near Bit. 

6 0 

f 

0 18 

I 

vS. 

5 3 ° 

f 

0 24. 

I 

S. 

4 0 

f 

0 5 1 

I 

F. vS. 

2 0 

f 

1 35 

I 

F. 3 . 

2 45 

f 

1 23 

I 

pB. vmE. nearly mer. 

1 0 

f 

1 5 

I 

pB. pL. not R. bM. r. 

2 30 

n 

0 35 

I 

pF. S. r. p. 2pBft. 

iS 45 

n 

0 20 

2 

F. cL. iR. mbM. 4 or 5' dia r 

0 42 

f 

0 i 4 

r 

pB. S. 

13 30 

11 

0 42 

1 

F. pS. r. 

14 c 

f 

0 20 

1 

pB. S. mbM. 

0 48 

{ 

0 38 

1 

F. pS. R. IbM. r. _ _ , 

9 12 

n 

0 47 

1 

F. S. E. r. 2 ar 3 ft vifiblein it. 

3 *8 

f 

0 48 

2 

pB. S. R. r. pLrN. 

35 t 

) n 

1 x l 

2 

pB. pL. R. vgmbM. r. 

33 

i d 

1 28 

2 

F. pL. 

0 2a 

1-f 

1 0 

» 1 

pL. 

0 ( 

> f 

1 2 

1 

mE. r. 1 

O 2< 


1 54 

, 1 

r. 

3 I: 

1 f 

0 3 

! 1 

S. r* 

5 *« 

J f 

0 iS 

> 1 

rTwp, about 2' diftant. Th 
l firft R. r. The 2d, E. r. 


V#t. LXXVI. 


II. 


Q q t 
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n. 

1784 

Stars, 

M. S. 

”3 

April ! 

6 Comae 

f 10 54 n 

114 


■ 34Virginis 

P 16 54 n 

Ix 5 

116 

} - 

- 6 Comae 

f 14 of 

117 

- 

— — 

f 14 24 f 

118 

- 

- - - 

f 15 3 & f 

119 

— 

- - 

f 18 54 n 

120 


- 

f 19 6 f 

121 

122 

} “ 

? 34 Virginis 

P 17 54 n 

123 

124 

} : 

- 

P. 16 24 a 

I2 5 


— — 

P 4 18 n 

126 

- 

- 

P 3 0 n 

127 

— 

pm 

P 2 30 n 

128 

— 

- — 

f 0 42 n 

129 

— 

41 Virginis 

f 19 0 n 

130 

— 

20 (*) Serp s 

P 12 30 « 

* 3 J 

13 

56 Leon is 

P 3 48 f 

132 

— 

S (<*•) Virgin 

p 4 48 n 

*33 

— 

; (o) Virginis : 

f 7 46 f 

*34 

— 

ti (r) Virgin ‘J 

f 4 24 1" 

235 

— 

- - j 

[ 5 54 n 1 

136 


— — j 

: 6 30 n 

*J 7 

— 

9 (0) Virginis i 

: 12 32 f : 

138 

— 

IX (s) Virgin i 

r 9 6 n < 

*39 




140 

j - 

[ - - f 

' 9 30 n < 

141 




142, 

f - 

: - - f 

13 18 n c 

143 

J 


144 

— 

31 (1^) Virg p 

17 9 n c 

145 

—- 

60 (<r) Virg p 

50 28 n c 

14b 

— 

31 {14) Virg p 

14 6 f c 

* 4 ? 

Ml 


- P 

- - p 

7 3 6 . f c 
O 18 n 0 

* 4 ? 

— 

- f 

0 9 'n 0 

Ijjp 

— 5 

-4 {<*} Serp s p 

73 42 n 1 

fit 

— 1 

laffcrculis t 

4 18’fiO 

J 5 * 

*5 3 

'8 (*) Leonig f 

4 24 f 1 

$] 

l -J 2 

(1 i) Virgin *p 

J OH 2 

*$& 

^z 

0 Virginis p 

b 6 f o 

f 1 

n 

<?* m p 

1 4 ^lfl '9 


D.M 


28 


I 21 


o 29 


25 

11 

39 
54 ! 
n 

12 

26 
7 

1 41 
o 0 


39 


20 


1 18 

' 42 

30 

34 ^ 

20 

3 1 
53 
10 
26 

1 


Ob. 


Defcription. 


1 I E. r. 

2 I F. r. 
f Two. 

I Both r. 
r. 

S. Note. 
pL. r. 

L. r. 

T wo. Both pFi S. bM. 

f The two p. of 3. Both I. S. 
I bM. Note, 
not ?F. S. r, 
pB. L. E. r, 

F. vS. R,lbM,». 

L. R. bM. r. 

F. P L. IbM. R. r. 

F. not S. iF. r. 
pB. vL. nearly R. IbM. 
pL. E. pBM. r. 
not vF. S. E. mar. 

F. mE. 

S. E. pBM. 

F. S. iF. r. 

F. pL. r. 

F. 

/Two. The ift js the lareeft". 
I The 2d vF. 

f Three nebula;. The Iaft is the 
1 largeft. 

F. pL. the largeft of 2* 
vF. S. E. 

F. pt. 

1J. pB. pL. mg. r. 
not F. R. ygbM, 

F. pE. iF. r. 

F. pL. nearly R, er. 
not vF. pL. iR. bfld. r. 

F, ov£. r. 

{Two, about e' diftant. Be* 
t F.pS.C. 

F, pL. IE. lb. towards p. fide. 

F. pL. IE. r. 

U» 
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IT. 


*57 

*58 

*59 

160 

i 6 j 

162 

163 

164 
j6 5 
166 


168! 
169 
170I 

171 

*72 

*73 J 
*74 
*75 
176 

*77! 
*78 
*79 

180 

181 
182! 
*83! 
*84 
* 8 5 

i86| 

18 


1 - 


ij 

189 

390 

*9* 

192 

3 93 
*94 
«9S 

196 

197 

398 

ttoo) 


*784 


April 15 


20 Virginia 
l{id) Virgj 
i Leofii* 

J90 Leonis 
34 Virginia 


22 


H 

*9 

«! 

22 


241 
Jtfoe 16 


StSFi, 


20 Bootig 

28 (S) Serp* 

*5 (*) Vir g 

29 (y) Virg 


Hi5* («) Virg 


25 28 Virg inis 


72 {l/) Virgj 
20 (jc; Virg' 
9{49 W'Virg 
18 Lifer® 

100 (x) Virgl 
P2 (d) Boolis 
•39 ©phiushi- 
: 54 Hjrdrse 
J51 (#) Ophiuj 
(p) Sagitt 1 


3 (// 

64 {*) Opbifi 


w. s. 


DAI. < 


Pefcnptkm. 

3 3 6 

f 

1 29 

l 

F. pL* tjiE. hM. r. 

8 38 

n 

1 5 1 

3 

pT. pL nearly R. r„ 

0 36 

n 

0 24 

1 

pB. S. bM. alrnoft ftellar. 

I 0 

n 

0 45 

I 

cL, R. vgbM. 

5 3 6 

n 

0 53 

X 

F* not S. R. bM. 

S* 54 

n 

0 0 

2 

not vF. pL* iR.lb* tovrards f. fide. 

33 6 

n 

1 *3 

I 

ps* 

3 * 48 

n 

0 13 

I 

pS. mE« 

3 * 3 ° 

n 

* *3 

I 

Fw vmE* 

27 36 

n 

0 53 

I 

pB. vS. 

21 30 

n 

0 49 


[Two nebulas. 

1 

1 The moil f. E. 

20 30 

n 

0 40 

I 

S. 

*9 4 2 

n 

0 49 

X 

F. 





( Three nebulae 

19 6 

n 

0 20 

l 

< The 'two firft vS. 
iThe third S. 

17 48 

n 

1 16 

l 

F. 

12 36 

n 

* 9 

1 

pF. L. 

3 48 

r 

0 37 

l 

F. 

3 3 ° 

f 

1 42 

l 

pF. not S. 19 M. 'r. 

12 6 

f 

0 7 

2 

1 Two, very clofe. Both S. -ftei- 
l lar. The f. is larged. 

8 59 

r 

1 18 

3 

pB. L. iR. er. 

5 *8 

r 

0 58 

1 

pF. pL. E. r. 

■6 24 

f 

* 54 

1 

pF. pL. *E. x. 

30 36 

n 

0 14 

1 

pB. eL. E. vfmbM. 

28 30 

□ 

0 26 

1 

not F. L. IE. IbM. r. 

u 0 

n 

0 10 

i 

F. S. iF. nearpBft. 

12 6 

0 

0 51 


pF. cL. R. r. 

12 42 

n 

0 37 

11 

pF, pL. r. 

22 ‘54 

n 

0 57 

1! 

F. cL. E. r. 

ai 54 

B 

0 18 

X 

pB. R, vfmbM.*near Bft. 

33 44 

f 

0 6 

2 

F. pL, iR. IbM. r. 

4 6 

f 

0 46 

1 

pF. pS. R. r. near fome Sit. 

10 36 

f 

0 16 

2 

pF. pL. IE, mer. neatly. 

59 30 


0 48 

a 

The moft n. «f 3. pB. vS. hM, 

7 4 2 

•f 

'0 2 

2 

F. pL. R.'tniffl£ 

■ 12 : 54 

□ 

'i 42 

>2 

pB. cL. iRjlfeMrr. 

■ '6-42 

•f 

>i 2 

1 

pB. 8. ncarfyvR.. bM. r. 

: U S 

f 

f 

* *3 
0 4 

1 * 
X 

pB. pL. iR. r. 

pF. not L. crookedly E. er. 

< 2 


to-48 

1 

1 pB. pL 1 * R. <gbhl. y. 

k •! "( 

>H1 

to 22 

. X 

> F, pS. r* unequally B. 


0,9 9 2 


H. 
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M. S 


D.M. 

Ob 

Defciiption. 

201 

J *y 13 

18 Sag. am 

F 

7 54 

i 

0 55 

I 

F. pLJbiM. r. 

2 r 2 

*7 

12 (f) Ogni 

i. 

X 

17 3 U 

f 

0 53 

I 

A idoivablc fabulous patch of ft 

20^ 


'S(t)C, t. 

p 

9 3 ° 

f 

0 10 

2 

pB, pL ih. bM. 

204 

Arg. 7 

_ j Sdgit f t.u 

p 

9 18 

n 

0 50 

1 

pB. S. fttllai. not vended. 

205 


- - 

p 

1 42 

n 

0 33 

1 

pB, cl. iE. oM. 

20t? 

Sept. 7 

52 (i) .\'gni 

t 

5 36 

n 

X 22: 

I 

F. S.ciookedly E.1. 

207 

—. 

4-1. It1) ? gafi 

p 

34 27 

n 

I 15 

I 

cL. R. gtnbM. er. 

2oS 

IO 

8 f)l 3 C 

p 

13 48 

n 

I 0 

I 

F. cL.R.vgbM. ff. ft. 

209 

— 

34 (0 A* ai 

p 

5 57 

n 

I 12 

2 

F. pL, iR. equally B. r. 

210 

I T 

31 (J) Andr 

f 

18 12 

1 

0 26 

I 

F. pL. unequally B. near pRft„ 

211 

— 

13 Trung 

f 

5 *4 


0 35 

1 

F. pL. IE. bM. n 2 ft. 

212 

12 

63 Pegafi 

.p 

19 42 

f 

0 15 

I 

pB. pL, IE. mbM. r. L 2 Fft. 

213 

— 

/9 Pegifi 

p 

2 36 

n 

0 42 

I 

F.pL ER lbM. 

214 

— 

40 Androm 

p 

7 18 

f 

0 15 

I 

F. E. p. Bft. 

215 

1 






s Three, mer. Neaily equal m 

2l6 

\ - 

_ — 

f 

4 30 

a 

0 41 

I 

i fize. All. F. vS R. propor- 

217 






L tion of difl. f to n. a to 1. 

2l8 


- — 

f 

5 3 ° 

n 

x 22 

I 

F. 

219 

220 

} : 

- 

f 

7 3 6 

n 

I 22 

I 

J Two. The p. F. vS. 
lThef.pl. 

221 

— 

3 (■) Triang 

p 

6 12 

f 

0 *5 

X 

F. pL. mE# r. i|' I. 

222 


- - 

p 

5 M 

f 

10 0 

I 

F. pL. mE* r. 1 . 

223 

— 

- 

p 

2 12 

f 

1 52 

I 

pB. pS R. 

224 

*3 

43 ( 0 ) Andr 

p 

0 18 

n 

0 5 

I 

pB‘.cL.E.bM.{*ja«**- 

22j 

— 

9 (y) Tnan 

f 

4 18 

f 

0 39 

I 

F. vS. R. 

226 

> x 5 

71 (y) Pegafi 

p 

4 54 

f 

0 5 

I 

F, pL. bM. elliptical. 

227 

89 (x) te s afi 

p 

10 18 

Ja 

0 32 

2 

F. cL* mE. r. 

228 

22 <j 

il 

6 ( 0 ) Arietis 

p 

5 !2 

n 

1 7 

I 

| Two. Boih F, pS. iR, 

23C 

f 18 

81 ftp) Pegafi 

p 

1 27 

n 

1 4 

X 

F. pL. R, bM, r. 

231 

— 

_ _ 

p 

1 3 

n 

0 59 

X 

F.pL E. par. contains a ftell.or ft. 

232 

— 

- - 

f 

6 45 

n 

1 35 

X 

F. t>. R, or large ftcllar. 

*33 

*34 

} 19 

47 (*■) Pegafi 

p 

p 

? 3 
8 33 

n 

n 

0 12 
0 14 

3 

3 

f Two, Tbep, pB.lE. nearly mer. 
1 The f. F. E. nearly par. l'| 1 . 

*35 

20 

u Pifcium 

p 

J 3 43 

f 

0 36 

2 

F, pL, broadly E. 

236! 


90 (4) Aqua 

f 

3 S 3 

n 

1 22 

4 

pB pL. iR. mbM. 

* 3 ?| 

— 

79 Ceti 

p 

4 48 

a 

0 36 

1 

F. E. mer. 2' 1 . 

2381 

Oft. 6 

26 ( 0 ) Perfei 

p 

28 34 

If 

0 10 

2 

pB. mE. near par. mbM. 4' 1 l'b. 

*39 

1 1 
8 

,21 (k) Periei 

p 

8 27 

n 

0 2 

1 

The xft of 2. pB, pS. r. 

240 




j 


X 

pF. pL. iR. er. 

• 241 


48 (#*) Pegafi 





1 

pS. C, 

242 

jr 

p 

39 3 ° 

f 

f, 

0 54 

2 

F. S. iR. near Midp. 2 or 3 ft. 

* 43 ' 

% 

" — 

,f 

6 27 

0 54 

1* 

F. S. iR, , 


It, 
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1 

M. S 

I 
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Ob. 

244 

0 £t. 14 54 (a) Pegafi 

1 

f 

30 48 

II 

0 6 

2 

245 

—158 Pifcium 

p 

3 3 6 

n 

2 16 

4 

246 

_1 

19 Arietis 

f 

4 54 

f 

0 49 

1 

247 

15*13 Pegafi 

f 

10 0 

n 

0 28 

1 

248 

—. 

54 (*) Pegafi 

p 

38 0 

n 

0 59 

2 

249 

— 

- - 

p 

3 3 ^ 

n 

1 11 

2 

250 

— ( 

47 Pifcium 

p 

67 12 

f 

0 37 

1 

251 

16 

54 (*) Fe g ai ** 

p 

4 3 6 

n 

0 44 

1 

252 

— 

102 (’r) Pifc 

p 

12 48 

n 

0 45 

i 

253 

— 

- — 

f 

5 

n 

1 3 ° 

1 

254 

— 

38 Arietis 

f 

8 40 

n 

0 34 

1 

255 

18 

82 Pegafi 

p 

8 21 

i 

O IX 

2 

256 

— 

77 ?e § afl 

f 

I 0 

f 

0 25 

1 

257 

— 

34 pifcium 

f 

12 6 

f 

0 39 

2 

258 

20 

15 Ericjani 

p 

8 54 

n 

1 54 

3 

259 

Nov. 16 

43 (?) Cancri 

p 

20 58 

n 

1 2 

1 

260 

— 

4 (x) Leonis 

f 

3 22 

f 

1 16 

i 

261 

*7 

12 Pegafi 

;f 

2 8 

\{ 

0 46 

1 

262 


27 Endani 

P 

n 5 i 

f 

1 40 

1 

263 

— 

- - 

P 

9 2 8 

f 

1 J 5 

1 

264 

— 

47 (£) Cancri 

P 

67 42 

n 

2 20 

1 

265 

20 

4(1 x) Can ' 

P 

19 20 

n 

I 28 

1 

266 

— 

15(0 Navr 

f 

25 33 

n 

I 2 5 

1 

267 

Dec, 9 

27 Eridani 

P 

6 1 

n 

O 40 

1 

268 

— 

8 (1) Crateris 

P 

6316 

i 

0 16 

1 

269 

— 

10 Crateris 

t 

4 26 

n 

I 22 

1 

270 


106 (») Pifc 

f 

1156 

f 

I U 

1 

271 

} - 

M — 

f 

14 54 

n 

0 II 

3 

272 

273 

J 

86 (y) Ceti 

P 

. 014 

n 

i 44 

. 1 

274 

— 

92 (a) Ceti 

P 

3 54 

. f 

0 47 

1 

275 

•20 

32 (2 t) Hyd 

f 

9 55 

n 

1 3 2 

2 

. 276 

— 

10 (r) Virgin 

P 

6 58 

n 

0 5 

3 

277 

, — 

- - 

P 

5 14 

. f 

0 1 

3 

278 

i 7 g s , 

Jan. 6 

75 Cet! 

P 

1 3 8 

f 

0 5 

1 

279 

— 

35 Eridani 

f 

2 55 

; f 

0 38 

2 

280 

— 

14 Hydrce 

f 

5 2 

; n 

0 21 

1 

281 

— 

28 (A) Hydr 

P 

29 27 

n 

1 40 

2 

282 

10 

• 41 Ceti 

f 

17 28 

1 n 

0 .0 

2 

283 

— 

- t - - 

f 

21 26 

> n 

0 10 

2 

284 

— 

*8o Ceti. 

f 

3 34 

. f 

°. 19 

1 

285 


.55 (0 Ceti 

f 

74 5 C 

) n 

1 2 

2 

286 

[ * — 

mm m 

P 

4 34 

r/UO 9 

1 


Defeription. 


F. S. IE. 
pB. pL. R. lbM. 

F. pL. E. 4 or 5' f. eft. 
pB R. b2vl. 1' d. 

F. pS. a quartile with 3 Sft. 

F. pS. E. f. pBit. 

F. IE. p. vBft. 
pB. cL. E. r. 

F. pL. oval. lbM. p. pBft. 
pB pL. E. bM. r. 

F. S. iR. r. 
pB. pS. R. gbM. r. 

F. R. gbM. 

F. pL, iR, mbM. 

F. vL. lbM. R. 7 or 8'd. 

F. S. iF. 

F. pS. IE. 

F. iR. lefs than 1' d. 

F. 1 and iE. above 1' d. 
not vF. bM. i'| d. 

F S. 

pF. pS. iF. IE- bM. 

F. E. bM. r. i'i d. 

. v 3 . R. lbM. 

F. S. R. SB point M. C. 
pB. pL. IE mbM. 
pB. 8. iR. mbM. 
f Two, very clofe nearly par. 
1 The f. fmalleft and moil n. 
F. S. iR. 

F. vS. iE. er. 
pB. cL. iR. 

F. pL. R. lbM. 

F. S. 

pB. S E. 

F. mb. vlbM. about 4' I. 

F. vo. IE. ver, 240. 

F.vS E. 

pB. cL. IE. mbM. 

pD. S, mbM. 

F, mE about 3' 1 and b. 
pB. E. fp nf, about l'§ 1 . 

F. pi* R. lbM. f. Sft. 


II. 
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!E 

( 

Sims, 


M. S. 


287 

Jan. 27 ] 

7 Eridani 

P 

10 24 

F 

288 

285 

ti Riidani 

P 

1 55 

n 

289 

3 « 

’ (*J Lopor 

f 

2 32 

n 

290 

Feb. 1 

59 («■) Ccti 

f 

49 *7 

n 

291 

—- 

16 (t) End 

P 

3 39 

f 

292 

4 . 

(f*) Lepor 

P 

0 50 

n 

293 

I*- 

j(3i)Crater 

P 

S 2 5 1 

n 

294 ' 


31 Cratpns 

P 

6 45 

Pi 

295 


- 

P 

1 48 

n 

29b 



P 

0 12 

n 

*97 

— 

?9 Virginia 

P 

u 47 

n 

298 

8 

(a) Corvi 

f 

18 44 

n 

*99 


53 Vjrgmxs 

P 

12 30 

n 

300 

-r^r 

— ■- 

P 

u 0 

n 

3 °i 


"m +m 

P 

3 8 

n 

302 

*8 

Z(lv) Cancri 

P 

3 5 

f 

3°3 

•ww 

19(a) Cancri 

P 

2 22 

f 

3°4 

Mar. 4 

n Mopoc 

t 

30 53 

f 

3°5 

5 

20 Sextan tis 

P 

7 14 

n 

3 ° 6 


88 Virginia 

f 

0 52 

{ 

3°7 

— 1 

— — 

f 

3 58 

XI 

308 

— 1 

8 a (rrt) Vi ’g 

f 

12 28 

n 

309 

310 

1 

— 

99 0 ) v ' r 8 

P 

u 31 

r 

3 n 

JO 

6 (3*) Crate 

P 

68 34 

r 

3 iti 

— 

45 (*)Hydr 

f 

9 4 * 

n 

3 J : 

trr- 

- 

f 

10 53 

n 

3 *4 

[ ~ 

•m ■» 

f 

»7 57 

h 

Pi 

ll 

23 (2 ?) Car 

t f 

0 29 

f 

3U 

317 

. 

- 

:64(ti)Getr 

» P 

4 16 

n 

31S 

— 

■ 22 (r f) Cat 

1 f 

8 38 

n 

319 

— 

• 48(11) Cam 

: P 

9 JO 

1 f 

3 2C 

*3 

: 2 3 Leon is min 

i P 

*2 38 

; n 

321 


w- 

13 Can.ven. 

P 

Si 31 

f 

32a 

32= 

. - 

— 

• 

P 

49 J 9 

f f 

324 


*rm mm 

P 

3 ? 3 

; n 

3 2 i 


m mm 

P 

26 51 

r 

326 

Mmi 

*0 *w 

P 

14 11 

‘f 

m 


w m 

f 

19 43 


328 


Ml «w 

f- 

n *43 

: n 


D,M 


l l* 

35 
5 i 
ai 

25 

2 9 
o 23 
0 0 
18 
0 24 
0 18 

1 51 

0 4 s 

2 8 

0 3 * 
t 40 

0 35 
0 37 
Q 49 
9 24 

9 43 
l b 

0 I 


|8 

0 


I 

a 

1 16 

* $5 
1 0 

1 17 

9 36 
0 
i 50 
0 so 

1 28 

0 17 
o 30 
0 
0 
*0 3! 


4 

M 


SssfeitjtflWH 


F- vS. IE, OF, unequally R. 

F, pR, iR, r, 

F. pL, i triangular F* t. 

F, pE. R, lbM. f. pLft, 
pF. mE. mer, 3 or 4' l and i'U 
pB. iR, mbM, Jp. pcft. 

P B. S. tR. bM, 

F. S. E, r 
F. vS, iF. bM. 
pB, pL. 
pF. L. mbM. 

| F. pL, lbM. $' p. is a S fuf- 
X pefted flellnr. 
pB. pE. mbM. 
pF. eR. 

pB. pE. iR, mbM. 
pF. vS, bM. er, 

F. S, mbM. r. 

Some Sft with pB nebulofity, 

F. S, IF, er, 

F. vS. iF. r, 

F. cL. ip. bM. 

F. S. iR. lbM. 

r Two. neatly mer.dift.4'Sll,bet\$f, 

t ch e ,.wh. 

C B, S. mbM. 

F. R. iR. vgbM, 

pB. IE. par. b towards f, Ode. 

F. S. iF. bM. 

F. $. R. bM, C.N. 
f Two. fp nf. dift, i' che, mix. 

I Both F. S. equal, N. 

F. pR. IE. mbM. r. 

F. S, bM. r. 

F, pS. R. lbM. 
pB. E. gbM. 

/ The two firft of 3 in a 'line. 
1 of unequal iize andbrigKtMMt* 
F. S. 

F. pL. E, bM. 

F. raB. tOer, 

F. pS. 

pB. pS, nearly R, mbM. 

IR 
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Stars. 


M. S. 


D.M. 

Ob 

Defcription. 

329 

Mar. 13 

49 (£) Bo^tis 

p 

48 5 ° 

n 

O 

5 

3 

pF. S. R. r. n. 2 pBil, 

330 

— 

- - 

p 

45 45 
60 S 4 

f 

2 

2 

1 

pB. pL. R. bM. 

33 1 

16 

11 Urfae min 

p 

f 

0 

2 

1 

F. pS er. 

332 

— 

- - 

p 

20 10 

* 

0 

2 

1 

pB. cL. b towards p, fide. 

333 

334 

| April 3 

27 Urfc 

f 

20 14 

1 

0 

2 

1 

'{ Two. Nearly mer. Moft n. pB 
l pS. bM. Moft f, F. S. bM. 

335 

— 

- - 

f 

73 0 

n 

I 

41 

1 

pF. cL. iE. 

336 

— 

— - 

f 

88 16 

n 

0 

3° 

1 

pB.v<S.iR. 

337 

— 

- - 

f 

94 s2 

n 

0 

48 

1 

pF. pS. bM. 

338 

6 

44.Leonismin 

f 

31 8 

f 

0 

59 

2 

F. cL. iR. gvIbM. 

339 


^Leonis min 

f 

19 26 

n 

I 

0 

1 

pF. pS. iF. 

340 

— 

72Leonis 

f 

25 8 

n 

I 

35 

2 

F. vS. ftellar. fliort ray p. fide. 

34 i 

— 

4 Comae 

p 

29 46 

n 

0 

35 

1 

F. ftellar. 

342 


- 

p 

22 2 

n 

0 

37 

1 

F. pL. 

343 

— 

21 {g) Coma; 

f 

4 36 

n 

* 56 

1 

not L. 

344 

— 

- - 

f 

20 56 

n 

I 

11 

1 

F. pL. IE. 

345 

■— 

- 

f 

23 34 

n 

2 

28 

1 

juft f. pBft. 

346 

— 

31 Comae 

f 

4 54 

i 

0 34 

2 

F. pL. iF. 

347 

348 

10 

36 (£) Leonis 

f 

11 14 

f 

0 

33 

1 

pB. S. bM. r. 

— 

4iLeonismin 

P 

3 34 

Q 

0 

51 

1 

F. S. IE. 

349 

— 

72 Leonis 

f 

14 12 

n 

I 

1 

1 

F. pL. i triangular F. 

35 o 

— 

- - 

f 

16 2 

{; 

0 

*7 

1 

F. S. 

35 1 


— — 

f 

18 2 

n ; 

l 

22 

1 

F. S. 

352 

— 

92 Leonis 

P 

3 9 

n 

I 

i-6 

2 

F. pS. 

353 

<— 

7 (A) Comae 

P 

4 37 

n 

0 

n 

1 

pB. cL, iF, bM k 

354 

— 

— — 

P 

0 43 

a 

0 

2 

1 

F. vS. 

355 

— 

22 Comae 

P 

■ 

4 32 

f 

I 

28 

1 

pF. L. broadly E, 

356 

— 

40 Comae 

t 

5 38 

n 

l 

25 

2 

pB. $. 

357 

•— 

12 {d) Bootis 

f 

18 46 

f 

1 

53 

1 

F. S. iF. lbM. 

358 

11 

39 Leonis mi 

P 

8 4 

n : 

0 

8 

1 

F. pL. 

359 

— 

- _ 

P 

7 38 

n 

l 

1 

1 

pB. pS. nearly R. bM* 

360 

— 

44 Leonis mi 

P 

1 46 

n 

0 

39 

i 

F. pL. iF. 



~ — 

f 

9 59 

n i 

9 39 

1 

F. 

36a 

— 

- - 

f 

I 

n 

Q 

1 

1 

pR. pL. 

3 6 3 


— — 

f 

I 32 

n 

0 

8 

1 

F. S. 

3^4 

— 

- 

f 

4 35 

f 

0 

44 

1 

pF. pL. IE. b towards If. fide*. 

365 

— 

*p» *- 

-£ 

I *4 2 

n 

O 

5 6 

1 

F. mE. i'f Lbut v. narrow. 

366 

•—' 

— 

if- 

14 24 

a 

O 

4 

1 

pF. pL, 

3 6 7 

—T 

L — — 

f 

42 12 

n 

Q 

H 

1 4 

F. vS. 

368 

— 

14 (i) Com» 

P 

! 28 42 

a 

0 

59 

1 

pF.hM. 

369 

— 

, ^ # 

P 

27 58 


a 

12 

i* 

F. pL. E. b towards f. fide. 

37 ° 

t — '■ 

* 

P 

20 16 

n 

0 

55 

1 

pB. cL. mb towards nf. fide. 

37 1 

jx 

£ mm tm 

P 

17 40 

n 

1 

, 

55 

1 

One of three. F. iF. 


21*. 
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II. 

i 7 8 ,S 

Stan. j 


M. S. 


D.M. 

Ob. 

> 

3 72 

Apr. 11 

O 

0 

5 

rB 

P 

74 24 

n 

* 55 

I 

373 

— 

- - 

p 

13 28 

a 

1 16 

I 

374 

— 

- 

p 

12 22 

n 

l 12 

X 

375 

37 6 

" '' 

— - 

p 

p 

x i 4 
6 38 

n 

n* 

I 14 
0 22 

I 

I 

377 

— 

- 

p 

6 30 

n 

1 57 

I 

37 8 

—— 

— — 

p 

4 

a 

1 5 l 

I 

379 

— 


p 

I 36 

n 

1 l8 

I 

380 

— 

15 (c) Coma 

f 

9 8 

1 

1 22 

I 

381 

,-r- 

31 Comae 

p 

3 46 

f 

0 20 

I 

382 

__ 

— — 

f 

3 16 

f 

0 9 

I 

383 

_ 

— — , 

f 

4 26 

n 

0 12 

1 

384 

385 

380 

-- 

- - 

f 

5 2 

f 

023 

X 



f 

f 

5 40 
5 54 

n 

f 

0 4 
0 6 

I 

I 

387 

— 

- 

f 

5 48 

n 

0 55 

I 

388 

389 

} - 

41 Comae 

p 

7 46 

D 

0 22 

T 

390 

1- 

- 

p 

7 10 

f : 

0 43 

1 

39 1 

— 

■ - - 

p 

7 18 

n 

0 23 

X 

39 2 

393 

} - 

— — 

p 

5 46 

i 

n 

0 14 

I 

394 

395 

J 


p 

3 26 

1 

! 

n 

0 33 

I 

39 6 

— 

. - 

p 

2 16 

n 

1 29 

I 

397 

— 

. - 

p 

2 2 

f 

0 4 

I 

39 S 

! — 

. — — 

p 

1 30 

n 

0 8 

I 

399 

i — 

-3 ( 0 ) Coron 

f 

6 54 

f 

0 27 

I 

400 

*1 

j 26 Bootis 

f 

47 12 

f 

1 33 

X 

401 


f, 11 Serpentis 

p 

2 14 

f 

* 35 

I 

402 

— 

• 12 Ophiuchi 

_p 

1 14 32 

n 

0 4 

I 


Dcfeription, 

f One of 4. The moft n. of the 
| p. fide of a.quartilc. F. S. 

F. L. bM. 

F. S. 

F. P S. 

pF. S. almoft R. bM. 
r About 6' ff I. 9 °> P®* the 
1 place is that of the np. 

F. cL. IE. 

F. S. 

F. pL. 

F. S. 

F. pS. 

F. pL. 

F, pL. 

F. pL. 

F. pL. 

F. pL. 

r Two. The time taken between 
j them. 

F. 

F. 

rThree. The 2 f. P near each 
•j other. The fp. about 8' dift. 
I *■ The time is that of the 2. 

F. S. 

F. S. 

; f. s. 

1 F. S. 

P F. pL. iR. bM. r. 

F. pL. er. 

pF. pL. vlbM. r. p. 3 Sfl. 

F. cL. E. fp nf. r. 3' 1 2' b. 


Third clafs. Very faint nebulae. 


III. 

1783 

Stars* 


M. S. 


D.M. 

Ob. 

Defcription. 

I 

Nov* 3 

36 (tr) Orion 

f 

3 39 

n 

1 ST 

2 

vF. S, mE. In the L* neb. 

2 

Dec. 21 

60 Ceti 

f 

13 :: 

n 


I 

eF.vS.R.lbM. 

3 

Q 3 ° 

95 (0) Lepnis 

f 

4 15 

n 

0 36 

2 

vF. vS. IE. r. 

4 

i 704 

Jan. 

6 ( 5 ) Lepnis, 

f, 

6 4 

f 

0 9 

3 

eF. vS. iE. fp. a triangle of Bft. 

5 


47 (f) Leonis 

f 

xo 0 

n 

° 9 

X 

eF. e$. viewed alfo with 240. 

6 

— 

59 (*) Virgin 

P 

28 

j 


1 

vS. 

trr 


III. 


7 Jan. 23 3 ( 0 ) Can. mi f 36 

8 — 3 Leonis f 1 

-3*(MVirgf 46 

11 — 31 Bootis p 38 

12 - - - p 21 

13 28n($)Virg f 27 

z 4 gojiBootis p 12 

| Feb. 15 655 ($) Leonis f 

17 23 16 (c) Virgin f 


19 Mar. 11 2 (s) Can. mi f 

20 — 53 (/) Leonis f 1 

21 — 73 (w)Leonis p IS 

22 "“S 3 (0 Leonis f 14 

23 — 73 (») Leonis p 9 

24 12 20 Leonis f i 1 


— 20 Com» 
14 86 Leonis 


31 — II Comae f 

32 —8 (*i) Booiis f 

33 — s(r)Hercuhs f 3 

34 *5 S (4) Leonis f x 3 

36 } — 78 (0 Leonis f 20 

37 —12(0 Virgin p 8 

38 - - - l 11 

39 - - - f 12 

40 - 30 (?) Virg p ix 

41 - - - p 10 

42 “ - - P *o« 

43 — 34 Virginia p 6 

44 - " ~ P 3 

46 } ~ 7 1 Virginia f O 

47 — 32 Bootia p 25 

48 “ - “ f 3 

49I 19162(1 e) Can. 1 14 

Vo*. LXXVI. 


n O 19 I 
f o 28 3 

f O 25 2 

f O II 
f o 34 i 
1 

£091 

f o 24 1 

f o 47 I 
n O 38 I 

n o 28 I 

f O 26 1 
f I II 2 

n 0 31 I 
f I 56 2 
n x 19 I 
no OI 
f O 37 I 
f O 22 I 
f no i 
f o 34 1 
i 0 40 1 
i 0 10 1 
i o 56 1 
n 1 30 1 
f o 10 1 

f O 15 1 

n o 40 I 
a o 20 1 
n o 15 1 
n O 31 I 
n 1 14 1 
n I 23 I 
f o 42 
f 0 25 2 

n 0 12 I 

f o 47 * 
n o 27 1 

33 l f 1 5 2 

B. r r 


Stellar. 240 left fome doubt. 

E. er^ 3 of the ft. vifible. 

Two* Both vF. and vS. 
vF. ftellar* 

vF. forming an arch with 3 ft. 
eF. not verified. 
eF. vL. not verified, 
r Two. The p. vF. L. 5 or 6' 
\ dia. The f eF. S. Fig. 5. 
vF. pS. r. 
vF. cL. r. 

f 2vS and clofe ft. with nebulo- 
1 fity left doubtful. 
vF. r. 

vF. S, C. ver. 240. 
vF. vS. with 240 cL* 
vF. vS. IE. ver. 240. 
vS. 240 left fome doubt. 
vF. 8. 

eF. L. left doubtful. 

The moft f. of 3.VF.VS JI.50.5 r. 
vF. L. r, 

vF. eS. ftcllar. ver, 240. 

vF. pS« f. 2 vBft. 

eF. forms a triangle with 2 Sft* 

vS. or nebulous double ft.ver.24O. 

eF. pL. partly ver. 240. 

eF. vS. completely ver. 240* 

f Two. par. 3 or 4 dift. 

1 Both eF. vS, 

eF. vS. with 240. cL, ' 

vF. vS. 

vF, near fome Bft, 

eF. pL. eafily overlooked. 

vF. 

vF* 

vF. pL. IE. contains two ft. 

The p. of 2. vF. S. Note# 
f Two. miftaben for one ; but 240 
L fhewed them both. cL. vF« 
vF. x* % or 3 ft in it* 
eF. 

F. cS* IE, np f like % joined. 
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III. [ 

1784 

Stars. 

M. 

S. 

D. 

,M.I° b 

50 

Mar. 19 45 (iA) Can 

3 

15 

0 

4 

5 1 

52 

I 

27 (v) Leonis 

7 


0 

21 

S 3 


34 Leonis 

1 


0 

4 i 

54 


[52 (K) Leon 

10 

45 | 

1 

27 

55 


146 (i) Leoni* 

4 

18 

0 

3 

5 6 ' 


15 Bootis 

1 3 

0 

0 

40 

57 


10 

3 ° 

0 

28 

58 



8 

3 ° 

0 

43 

59 

60 

61 

21 

[47 ($) Cancri 

6 

20 

26 

i 5 

0 

30 

i 

0 

0 

10 

2 3 

18 


62i 

64 

65 

66 
67 
68 | 
69] 
7 °\ 

7 1 

72 

73 

74 

75 

76 

78 | 

8o| 

81 

82 

83 

84 

SSI 

86; 

8? 


Apr. 8 


[51 (m) Leon 

3 Coma 
25 Coma 
'27 Coma 

— 42 Coma 

4 (?) Bootis 

5 (r) Here 
48 Serpentis 
70 ( 0 ) Leonis 


12 


14 (£) Leonis 
► Comae 
73 (n) Leonis 


‘41 Virginis 
'70 Virginis 


} -! 

13 56 Leonis 
63 Oc)teon 
3 (0 Virginis 
$i| |xi (j) Virg 


3 1 3 ° 

26 o n 

3815 

9 *5 

IT 45 

i 45 

5 0 

6 0 

19 3°i 

10 15 

4 0 
i I S 
12 24I 

4 0 
12 12 

17 18 

5 , 

18 36 

22 35 

i 42 

6 18 

3 42 

6 12 

6 48 

5 42 , 

6 24 

4 54 


o 50 

52 
33 

44 

45 
40 

18 
42 


4 1 

26 

50 

5 

7 

4 1 

12 

J 9 

25 

48 

11 

7 

o 


2-3 

29 

* 9 l 


Defcription, 

eF. ver. 240. and cL. R. 
f Two, np. ff, 6 or 7' dift, Both, 
1 eF. p is the Lrgeft. 
eF. S. IE. r. 3 or 4 ft in it. 
eF. cL. R. r. no N. 
vF.vS. iR, r. forae ft. in it. 
eF. v$. E. r. 
eF. S. ver 240. 
eF. S. ver 240 and IE. 
eF. S. ver 240. 
vF. S. with 240 near Sft. 
eF. 240 fliewed 58ft with nebulof* 
f Two. nearly mer. Both vF. pS* 
\ R lbM. r. with 240 cL. 
eF. 240 {hewed fomeSft with neb. 
vS. E. i 1 . better with 24O 
vF. S. E. r. the fame with 240 
vF. nebul. betw. 2 ft. 2 ' 1 .ver. 240 
2 vSftwithfuip. neb. 240 doubtf. 
vF. S. 
vF. not S. 

f 3 Sft with fufpe&. nebul. 24a 

L left fome doubt. 

eF*vS. ver 240 and cL. 

eF. vS. eafily ver. 240. 

vF. S. ver. 240 

eF. not S. 

eF. pL. eafily ver. 240. 

eF. pL. R. r. 

vF. r. by moon-light. 

eF. not L. IE. r. 

vF. vS. R* bM. ftellar. ver. 240 

vF. vS. R. ftellar. 

*F. S. E, r. 

vF. S, iF. r. 

eF. vS. ftellar. ver. 240. 

Three. The two p. vF. S. R* 
The laft vF. pL. R* Place 
of the 2d not taken. 
eF. no time to ver. 
eF. a little doubtful. 
vF. tS. vlbM. i 
Thef. of 2. eF. It 17# 



new Nebula and Clufers of S,ars » 
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III. 

1784 

Stars. 






92 

93 

| April 13 

1 

9 (0) Virgims 

f 

16 15 

f 

2 4 

2 

94 




146 


95 

f “ 

- - 

f 

18 22 

f 

2 

96 

J 

31 (1 d) Virg 






97 

— 

P 

1 7 9 

n 

0 42 

2 

98 

*- 

- - 

P 

3 6 

n 

0 0 

I 

99 

—* 

32 (2 i) Virg 

f 

47 36 

f 

0 3 § 

I 

100 

— 

- — 

f 

5 ° 42 

i 

1 8 

I 

SOI 

— 

- - 

f 

S1 0 

f 

0 23 

I 

102 

IS 

2 (if) Virgin 

P 

1 48 

n 

1 s f 

I 

103 

— 

- - 

f 

0 24 

n 

0 58 

I 

IO4 

— 

4(2!) Virgin 

P 

2 12 

n 

0 19 

I 

105 

— 

31 (1^ Vug 

P 

1 5 2 

n 

1 3 § 

2 

106 

— 

33 Vnginis 

f 

7 30 

n 

0 8 

I 

IO7 

17 

48 Leonis 

f 

6 54 

f 

0 8 

I | 

108 

— 

632:)) Le° nis 

P 

13 18 

n 

1 7 

X 

i 

109 

— 

90 Leonis 

f 

5 18 

n 

0 49 

1 

• 

no 

—- 

20 Bootis 

f 

1 54 

f 

2 29 

I 

hi 

18 

{©*" 

f 

. * 

8 36 

. . . • 

• * 

n 

• • » » 

143 

I 

02 

24 

74 [(f) Leonis 

f 

10 6 

f 

152 

I 

1 

“3 

'- 

— — 

f 

34 18 

f 

1 3 

I 

114 

25 

28 Virginia 

P 

14 18 

n 

135 

I 

1*5 

! May 9 

67 (*) Virg 

f 

1 12 

If 

110 

I 

116 

31 (?) Librae 

P 

8 4^ 

| n 

015 

I 

117 

1x8 

} " 

IGO (X) Virg 

P 

59 3 ° 

n 

0 48 

i 

I 

119 

— 

- — 

P 

55 42 

n 

0 291 

X 

120 

— 

— - 

f 

6 24 

n 

0 9 

I 

121 

122 

} 14 

9 (a) Librae 

P 

27 0 

f 

0 36 

I 

] 

123 

IS 

18 Hercillis 

f 

40 30 

f 

0 47 

I 

I 2 < 

— 

- - 

f 

43 3° 

f 

0 47 

I 

1*5 

x6 

2S (f) Bootis 

P 

33 12 

f 1 

110 

X 

126 

— 

** M 

P 

2 l8 

f 

0 24 

I 

127 

128 

}• - 

28 (>) Bootis 

f 

3 48 

n 

0 45 

I 






I 

Irr: 

z 


Dcfcriptron* 


f Two. One vF. vS. The other 
1 juft by. eF. eS. left doubtful, 
j-Three. All. eF. vS. R. In the 
) 2d obfervaticm two of them 
L were overlooked. 

The fmalleft of 2. eF. II. 144. 
eF. eS. The place not accurate. 
eF. S. 
eF. E. 

eF. pL, R. er. The ft almoft vifible 
eF. P L, 
vF. r. 

vF. vS. left doubtful. Twilight. 

eF. vL. lbM. 

vF. pL. vlbM. r. 

eF. pL. a little doubtful. Twil* 

eF. eS. r. 

f 8 or id' fp. II. 161. vS. fteliar. 

I not ver. 

vF. vS. IE. ver. 240. 

| vF. vS. r. ver. 240. 

eF. cL. R. r. near vBft. J light* 
eF. eS. with 240. 2 vSft and nebu. 
f 2 vSft with nebulofity with 24O 
1 left doubtful. 
vS. vF. fteliar. ver. 240. 
vF. cL. nearly R. 1 m. 

The two moft f. of 3. That M* 
vF. vS. The moft ft eF* eS. 
ver. 240. II. 193- 
eF. vS, fteliar. ver. 240. 
eF. pL. iR* lb toward? f. fide. 

^ Two np fft The ft eF. i f d. 

J nearly R. The p* vF. vS* R. 

i dift. s'. 

vF. pL*R. IbU. 

vF. fteliar. ver. 240. 

vF. S. iR. IbfyL almoft fteliar# 

[ 2 Sft. with fufpefted nebul. aU 
moft Ver. 24ft. 

Two. 3' dift. par. Theft vF* 
l vS. iR. Thep. eF. v$. ver. 24O. 

m 


{ 
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in. 

1784 

Stars. 


M. S 


D.M. 

Ob. 

Defcription. 

129 

130 

J May t6 

28 (<r) Bootis 

f 

17 48 



I 

f Two. about 6' dift, Both eF. 

tl 

0 3 

1 vS. R, ver. 240. 

I'll 

,. 

«. — 

f 

22 54 

u 

0 11 

I 

vF. E. clofe to a ft. contains 2 ft. 

j 

172 

17 

$6 (?) Bootis 

p 

16 54 

11 

0 26 

I 

eF. S. IE. the fame with 240. 

133 

— 

— 

P 

2 36 

n 

1 35 

I 

cF. cL. iR. lbM. 

*34 

*9 

12 ( d ) Bootis 

f 

4 28 

n 

0 12 

2 

vF. pL. E. par. 1*. 

135 



f 

12 30 

n 

i 5 

I 

eF. \S. ftellar. ver. 240. 

136 

- 

- 

f 

14 8 

{ 

0 30 

2 

f vF. S. E. nearly par. with 240 
1 like two ftel. 

137 


76 Ilercu 

p 

2 54 

n 

0 22 

I 

vF. not S. iE. 

1^8 

139 

} 2: 

>0 (i y ) Libi 

f 


n 

1 9 

3 

| Two. nearly par. f (lift. Both 
1 vF. not vS, R. 

IAO 

June 11 

27 ( 0 ) Hercu 

p 

23 3 ° 

f 

0 5 l 

1 

vF.vS. r.ver. 240 np. pBft. 

141 

July 12 

16 (J-) Capri 

P 

20 42 

n 

0 33 

1 

vF. cL. IE. lbM. 240. fame. 

142 

21 

70 Aquil® 

p 

3 39 

n 

0 31 

2 

vF. E. about 2' 1 . 

143 

Aug. 7 

35 ( 2 ») Sagit 

P 

0 0 

f 

0 3 

1 

3 vSft with fufperied nebulofity. 

144 

Sept. 5 

39 0) Cygni 

P 

21 l8 

rt 

1 20 

1 

.Some eSft. with neb. iE. ver. 240* 

I 4 S 

JC 

10 (*) Pegafi 

P 

25 48 

n 

0 53 

2 

vF. IE. ftellar. 

14b 

— 

69 Pegafi 

f 

II 24 

n 

* 53 

1 

vF. E. fome Slh with nebulofity# 

*47 

—. 

85 Pegafi 

f 

7 54 

f 

1 13 

1 

2 or 3 ft. with feemmg nebulofity. 

148 

II 

28 Androm 

p 

4 12 

f 

0 32 

1 

vF. pL. lbM. 

149 

— 

31 (J) Andr 

f 

4 24 

f 

0 15 

1 

eF. vS. R. 

* 5 C 

— 

2 (a) Trang 

p 

18 48 

n 

1 4 

2 

\ 

Near V. 18.yF.SR. bM, 

15 * 

— 

) (,) Trang 

p 

7 0 

f 

1 78 

1 

vF. vS, ftellar. betw. vL. and Sft f 

15* 

— 

39 Arietis 

P 

8 12 

n 

0 49 

1 

vF. pS. of equal light. 

*53 

IS 

pO Andjr 

p 

13 0 

n 

0 29 

£ 

vF. pL. IE. vlb. towards f fide. 

154 

155 

l _ 

1 



0 20 


f Two. BotheF. vS. 


f 

9 18 

n 

I 

\ The f is the largeft. 

IS 6 

> 




1 

1 



, Three forming a reft, triangle. 

*57 

I ~ 

43 0 s ) Andr 

f 

13 6 

f 

2 8 

2 

i In the legs eF. v$# at the 

158 

159 

16c 

J 



1 30 


l re&angle vF. pL. 

fTwo. Both eF. S# but une- 

40 Androm 


] - 

f 

20 6 

n 

I 

1 qnal. 

361 

— 

17 (r) Perfei 

P 

i 4 3 ° 

f 

1 47 

2 

vF. S* iE. r. 

162 

163 

} - 

21 Perfei 

P 

13 42 
13 18 

n 

0 30 
0 32 

I 

j- Two. Both vF. pS. R. IbM. 

164 

1 — 

•-« ~ 

f 

15 36 

f 

1 19 

I 

eF. vS. 240 left a doubt. 

j6 5 

\ 

?3 

66 (») Cygni 

f 

43 0 

n 

0 4 

I 

f 5 or 6 ft. forming a parallelogr, 
t with mixed nebul. rer. 240. 

266 

— 

- 

f 

78 18 

f 

0 47 

I 

eF.vS.E.nf.&4or 5'dLft. froml. 53 . 

167 

} - 

43 ( 0 ) Andr 

f 

is 30 

f 

l 12 

I 

Two, Both ftellar, . 

idi 

r _ 


f 

15 12 

f 

1 46 

I 

fteilar. 

m 

~ 

| m 

f 

16 30 

:r 

1 31 

I 

ftellar. 






new Nebula and. Clujlers of Stars, 


487 


in. 


171 

172 

I 73 l 

17, 

175 

176 

177 , 

178! 

179 

i8o| 

181 

182 

183 

i8 4 | 

185 

186 

187 

188 

189 

I 9 °| 

191 

*931 

194 

195 
19b 


197 

198 


199 

200 

201 


202 

202 

204 

205 

206 
2°7 

208 

209 
2x0 
211 


212 

2x3 


1784 Stars. 

M. S 

D.M, 

Sept, 13 [43 (0) Andr 

17 30 

18 

0 56 

3 ( 8 ) Triang 

25 24! 

0 22 


12 4! 

6 1 

2 29 

19 ( y ) Triang 

9 36 

0 I 

17 (y) Perfei 

9 

0 I 

I 6 (0) Arietis 

0 0 

I 30 

18 40 Pegafi 

3 0 

0 47 

|6S Pegafi 

6 48 

i 49 

40 Pegafi 

38 2, 

0 5i 

89 (x) Pegaf 

0 

38 

20 11 Pilcium 

17 44| 

0 22 


12 50 

0 32 

20 Pifcium 

29 1 5 

1 41 


»4 39 

0 X 


*3 33 

O (. 


8 *5 

2 52 

'[29 Pifcium 

4 54| 

0 40 

34 Ceti 

9 12 ( 

i 53 

72 Ceti 

17 241 

1 43 


12 i' 

2 6 

8t Ceti 

38 6 

Q 55 1 


42 42 

0 49 

} - 

47 

0 36 

Oft. 6 12 (?) Perfe : 


0 40 

7I27 (*) Perfei 

8 27 

0 2 

14153 pifci T 

4 24 

x 13 

19 Arietis 

4 6 

0 47 

1547 Pifcium 

83 54! 

1 15 

— — 

78 18 

0 18 

59 Pifcium 

0 42 

0 2 

Pifcium 

5 30 

0 10 

- - 

3 3°, 

I 20 

J (*) Arietis 

5 I2 . 

0 32 


6 3 oj 

i 49 

16 jDelphini 

18 6 

0 IX 

4 («) Pegafi 


0 4& 


21 6! 

59 


27 3 6 1 

0 40! 


Defcription. 


ftellar. 

J Two. Both vS, Cellar, a little 
1 doubtful, 

Cellar, ver. 240. 

Cellar. 

eF. ftellar. 240 left fome doubt. 
vF. cL, iR. r. 2 or 3'd. 

\F. pL. R. SB place M, 
vF. pL, IE. 
eF. vS. R, n. cLft. 
vF. vS. R. ver. 240. 

4 or 5 Sft* with nebul. 240 doubt- 
eF. S. iE. 

eF, vS, ftellar. ver. 240. 
vF, E. er. 3 Fft. vifible in it. 
eF. vS. 

eF. ftellar. ver. 240 and cL. 
eF. ftellar, juft like 187. 
eF. 

vF. vS, • 
vF. mE. 

eF. S. ver. 240* with difficulty- 
eF. ver. 24o. with difficulty, 

eF. eS. ver. 24O- 
| Two. Both eF. ver. 240 but 
\ juft fuipefted with 157. 
cB, mE. vgmbM. near 4" 1 . 

The f of 2, vF. iF.pS. II. 239V. 

a Sft with nebulpfity ver^ 2^0. 

vF. vS. E. f. pcft. 

eF. vS, ftellar. ver, 240* 

vF, cL. E. 2 1 * 

vF, S. fp. 2 vSft. 

eF. ver* 240»difcovered in gaging** 
eF. S, 

eF. vS. ftellar, plainly, ver, 240*. 
pi. v5* iR. juft f* pBft, 
vF*. S, R* 

"Two. The p* vF. S. IE. 

1 The f* vF. vS. ftellar. 
feF. eS. ver. 24O. completely 
[ though with difficulty. 
eF. cL. Yer. 240,.betw. 2 Bft- 
III*. 
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m. 


2141 

215 

2x6 

217 

218 
2x9 
220 
221! 
222 
223 
224 
225 
226 
227 

228 

229 

230 

231 
232] 
a 33j 
a 34 
* 3 S 
236; 

237 

238 

a S9 

240] 

241 

242 

243 

244 
845 
246 

H\ 

24I 

*491 

a 5°| 

* 5 * 

25a 

»S3 

*54 

25 


1784 

Stars. 


M. S. 


D.M. 

Ob 

oa. 16 

31 Arietis 

p 

36 48 

n 

I 24 

1 

— 

~ — 

p 

36 6 

n 

0 6 

1 

18 , 

46 (I) Pegafi 

f 

3 l S 
3 2 5 , 

f 

0 0 

00 00 
N> —J 

3 

_ 

58 (») Pegafi 

f 

13 Si 

n 

0 4 

1 

19 

15 Delphini 

p 

5 2 4 

n 

0 2 

1 


66 Pegafi 

p 

10 xo 

n 

0 23 

4 


_ — 

p 

7 10 

n 

1 0 

2 


_ — 

p 

7 7 

n 

0 54 

2 

20 

7 (£) Ceti 

f 

23 12 

f 

X X 

1 

— 

1 ( 1 t) Erid 

p 

21 42 

f 

2 11 

2 

u~ 

15 (3) Lepor 

f 

6 24 

n 

0 49 

1 

' 21 

70 ( q ) Pegafi 

p 

I 5 ° 

f 

0 18 

2 

Nov. 7 

64 Ceti 

p 

j 2 *4 

f 

0 37 

1 

— 

73 ( 2 ?) Ceti 

f 

12 54 ! 

n 

0 17 

t 

1 

12 

55 (fl Pegafi 

p 

3 3 6 

f 

I 

0 29 

1 

i - 

3 i(ir)Pifc 

p 

9 0 

f 

I 0 

1 

j 

- — 

p 

8 27 

f 

I 0 

2 

16 

143 (r) Cane 

p 

11 24 

n 

1 6 

1 

— 

— — 

p 

3 80 

n 

2 4 

1 

— 

4 (a) Leonis 

p 

23 22 

f 

1 37 

1 

*7 

1 33 Pegafi 

f 

12 54 

n 

0 46 

1 


66 Pegafi 

p 

6 6 

n 

1 10 

1 

— 

- 4 Eridani 

p 

32 26 

f 

1 1 

1 

2 C 

3 12 Leporis 

p 

7 55 

f 

0 59 

1 

— 

- — 

f 

3 3 ? 

n 

0 23 

1 

— 

. 15 ( 1 ) Nav 

f 

68 16 

n 

0 53 

1 

Dec. s 

1 56 Pegafi 

p 

9 16 

1 n 

0 42 

1 

( 

^48 Ceti 

p< 

48 34 

. n 

0 27 

1 

— 

15 Eridani 

p 

15 49 

i f 

0 27 

1 

— 

19 Eridani 

p 

1 38 

l n 

0 50 

2 


- - 

f 

6 5 

; f 

1 4 

1 

— 

27 Eridani 

p 

4 23 

r n 

, * 7 

1 

- 

- 

p 

2 

!* 

1 1 $ 

1 

} ■; 

8 9(f) Pifci 

f 

2 25 

• • * • 

J f 

0 14 

* * »» 

1 


— - 

f 

3 42 

\ n 

138 

1 

— 

- - 

f 

6 48 

l n 

011 

1 

- 

• 15 Sextantis 

p 

H 34 


152 

2 

* — 

• 7 Sextantis 

f 

20 a; 

r n 

0 42 

l 


> 1 x 3(0 Can 

iif 

1*4 j 

ilf 

0 48 

\ 1 


Defcription. 


vF. ftellar, ver. 240. 

eF. ftellar. diicovered by 240. 

1 Two. The p. vF. pS. R. vlbM. 
I The f. vF. pS, R. vlbM. 
eF.pS. IE. 

eF.vS. ftellar ver. 240. with dif. 
F*. R. bM. 1 § d. 
vF. S. 
vF. S.R. 

vF. IE. or oval, 1'd. np. 2 pBft. 
vF. S. iR. 

eF. E. r. near i' 1 . ver. 240. 
vF. vS. ftellar ver. 240. 

2 or 3 Sft. with neb. nearly ver.240 
.•Two about l' dift. The p. eF. 
J vS. ver. 240. The f. eF. eS. 
\ 240. doubtf. 

eF. eS. 240 left fome doubt. 

Two. Both vF. ftellar. 

eF. pL. glbM. 

vF. ftellar. 

eF. S. ver. 240. 

eF. IE. betw. 2 pBft. ver. 240. 

eF. vS. 

eF. eS. ver. 240. with difficulty. 

vF. S. 1' dia. or more. 

vF. vS. ftellar. 

eF. vS. IE. par. 

vF. IE. S. 1' d. 

vF. S. er. 

eF. vS. E. 

vF. cL. iE. r. unequally B« 

vF. E. equally B. 

eF. vS. 

vF. vS. IE. 

vF. vS. 

f Two. nearly par, 4 or 5' dill, 
l Both vF. vS. R. 
vF. pL.iR. lbM. 
eF. cL. E. 

vF. E.npff.5' I. I'b. 
vF. vS. p. triangle of Bit. 
vF. vS. yer. 240. 

111 . 



new Nebula and Clujlers of Stars, 


4 % 


III. 

1784 

Stars. 


M. S 


257 

Dec. 20 

l 3(f)Can.mi 

f 

44 59 

f 

»S 8 

I 7 8 5 

10 ( f ) Virgin 

p 

5 2 

f 

259 

Jan. 6 

70 Ceti 

p 

10 34 

f 

260 

— 

— - 

p 

7 10 

n 

261 

— • 

75 Cet j 

p 

3 46 

f 

262 


94 Ceti 

p 

. 1 16 

f 

263 

— 

24 Eridani 

p 

3 22 

f 

264 

.— 

28 (A) Hydr 

p 

26 48 

n 

265 

10 

45 («) Ceti 

f 

32 28 

f 

266 

— 

- - 

f 

31 6 

f 

267 

Feb. 4 

14 (£) Lepor 

f 

0 1 

f 

268 

6 

11 (a) Lepor 

p 

27 51 

f 

269 

— 

19 Lepor is 

p 

32 23 

n 

270 

— 

- - 

p 

20 0 

n 

271 

— 

8 (3 v) Can' 

f 

8 0 

n 

272 

7 

6(3 b) Crater 

p 

5 8 39 

n 

273 

•— 

- - 

p 

55 43 

n 

274 

! — 

31 Crateris 

p 

4 4 ° 

f 

275 

; « 

12 Hydrae 

f 

20 30 

f 

276 

1 

38 (*) Hyd 

pi 

9 20 

f 

277 

278 

} ] 

39 (1 v ) Hyd 

p 

5 0 

n 

279 


8 (n) Corvi 

p 

31 26 

n 

10 

OO 

O 

— 

- 

f 

18 44 

n 

281 


—. — 

f 

20 38 

n 

282 

•— 

53 Virginis 

f 

. 7 12 

n 

283 

*7 

41 (w) Bootis 

p 

27 54 

n 

284 

Mar. 5 

25 (/) Vir g 

p 

54 12 

f 

285 

— 

88 Virginia 

f 

8 45 

n 

286 

— 

99 (0 vir S 

p 

9 22 

n 

287 

— 

— - 

p 

7 5 8 

f 

288 

6 

115 (*) Navis 

f 

xi 16 

f 

289 

1 C 

► 6 (3^) Crat 

p 

69 14 

. f 

290 


■2 (0 Corvi 

p 

10 ,1 

n 

291 

U 

75 Cancri 

p 

2 53 

1 f 

292 

12 

, 46 Cancri 

p 

11 46 

f 

293 

— 

23 Leonis 

p 

17 46 

i f 

294 

*3 

(57 (2.) Cane 

■ p 

2 44 

. n 

295 


• 72 (r) Cane 

f 

, 5 47 

a 

290 

> — 

. — - 

f 

8 42 

, n 

297 

— 

■15 (/) 

1 p 

13 8 

1 f 

298 

[[ — 

- r8Leonismin 

iip 

20 56 




Db. 

Defcription. 

0 55 

I 

eF. pL. iF. 

0 7 

2 

vF. S. E. 

0 38 

I 

eF. eS. iF. 

0 4 

I 

eF. vS. ftellar. 

0 6 

I 

vF. cL. 

1 15 

I 

eF. ver. 240. with difficulty. 

0 11 

I 

eF. ftellar. or IE. almoft ver. 240. 

1 19 

2 

vF. vS. R. ver. 240. 

0 46 

I 

eF. ftellar. ver. 240. 

0 43 

I 

vF, IE, ver. 240. 

1 5 P 

I 

vF. pS. iE. bM. 

0 31 

1 

eF. vS. ftellar, ver. 240. eafily. 

1 11 

I 

eF. vS. ftellar. ver. 24O. eafily. 

1 28 

Z 

vF. eS. ftellar. ver 240 difficulty. 

0 4 

I 

3 or 4 Sft with neb. vF. ver. 240. 

i 21 

I 

vF. pS. iF. vlbM. 

0 39 

I 

eF. vS. iF. 

0 14 

1 

vF. pL. iF. 

1 49 

I 

vF. vS. bM. l f £ Sft. 

0 26 

I i 

vF. vS. ftellar. 240. the fame. 



f Two. 3 or4' dift. The moft n.vF« 

0 3 ° 

I 

1 S. The f. vF. vS. Both ftell. 

0 16 

X 

eF, pL. better with 157 than 240, 

v r* t 

T 

| % p. IL 298. eF. eS. flell. 24O. 

1 5 1 

JL 

L doubtful. 

0 46 

I 

vF. pS. r. 

1 12 

I 

vF. rnE. ff np. v narrow- 

q 27 

I 

vF. vS. 

0 I 9 

I 

vF. S. iE. lbM. 

1 17 

I 

eF. vS. 

0 31 

I 

vF. L, b towards n. 

0 7 

I 

vF. pS, iF. 

1 7 

I 

vF. cL. er. feme of the ft. vif. 

0 25 

2 

F. vS. large ftellar. lbM. 

2 3 

I 

eF. pL. broadly E. dearly par* 

1 13 

1 

vF. pL. R. bM. 

1 14 

2 

vF, pL. R. lbM* r« 

0 22 

I 

eF. eS. ver. 240* 

0 l 5 

1 

vF. vS. R. bM*. large ftellar* 

0 24 

I 

vF. vS. R. nf. 2pBft. 

1 17 

I 

vF. S. R. lbM* 

0 34 

X 

eF. eS. 240 left a doubt* 

10 44 

2 

vE, vS, iR* lbM* 


BE. 
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III. 

1785 

Stars. 


M. S. 


299 

Mar. 13 

13 Can. ven. 

p 

40 5 1 

f 

3 °° 

— 

— — 

p 

40 19 

f 

301 

— 

- - 

p 

28 58 

f 

302 

—, 

- - 

p 

27 40 

f 

3°3 

_ 

— — 

f 

5 43 

f 

3°4 

.— 

- - 

f 

6 26 

f 

3°5 

— 

- ~ 

f 

IX 0 

f 

306 

1 - 


f 

16 12 

n 

307 

308 

; 

— 

f 

17 29 

n 

3°9 

_ 

— — 

f 

18 31 

n 

31° 

— 

49 (£) Bootis 

p 

43 12 

f 

3 U 

16 

II Urfiemin 

p 

24 18 

a 

312 

-— 

- - 

p 

19 9 

n 

3*3 

— 

13(7) Ur. mi 

f 

27 8 

n 

314 

— 

- 

f 

49 *8 

n 

3 IS 

Apr. 3 

27 Urfae 

£ 

3 42 

n 

316 

— 

— — 

f 

5 1 42 

n 

317 

_ 

— 

f 

65 18 

n 

3x8 

— 

— 

f 

69 10 

n 

3*9 

— 

7 (0) Urf. mi 

p 

32 2 

n 

320 

6 

72 Leonis 

f 

26 8 

n 


-— 

4 Comae 

p 

22 54 

n 

32a 

— 

— i- 

p 

19 8 

n 

323 

1 - 

_ 

p 

14 43 

f 

324 

3 2 5 

1 

- 

p 

13 46 

f 

326 

— 

- t - 

p 

5 47 

f 

327 

— 

- - 

p 

1 45 

n 

328 

— 

31 Comae 

p 

6 28 

f 

329 

— 

21 £g) Coma: 

f 

14 45 

n 

33 0 

xc 

36 (£) Leonis 

f 

4 54 

n 

33 1 

— 

41 Leonis mi 

p 

12 16 

n 

332 

— 

54 Leonis 

f 

2 46 

f 

333 ! 

— 

72 Leonis 

f 

2 48 

n 

334 

— 

— * — 

f 

3 *7 

n 

335 

33 6 

} ; 

•mm mm ’ 

* 

f 

7 12 

n 

337 ! 


— ■** 

f 

9 34 

a 

3381 



f j 

»$ 5 6 

f 

339 

“ 

- - 

f i 

26 30 

n 

34 ° 

f 

i 

f! 

<1 

fe8 36 

f 


D.M. 

Ob. 

Defcription. 

0 27 

I 

eF. 

I 28 

I 

The moft f of 3. vF. II. 322.323 

I 41 

I 

vF. vS R. 

I 2 

I 

eF. vS. 

i 43 

I 

eF. vS. ver. 240. 

1 47 

I 

eF. vS. ver. 240. 

1 9 

I 

vF. vS. IE. 

0 6 


f Two. The p. vF. vS. The f. 

I 

1 7 or S' nf the firft. vF. vS. 

0 13 

I 

vF. S. 

0 34 

I 

eF. vS. 

1 32 

I 

vF. vS. iF. 

1 18 

I 

vF. S. iR. between 2 pSft. 

2 6 

I 

eF. vS. IE. 2 vSft in it. 

0 12 

I 

vF. vS. IE. 

0 24 

I 

eF. vS. IE. er. 

0 46 

I 

eF. vS. ver. 240. 

143 

f 

eF. pS mE. r. 

X 19 

I 

tF. vS. 

0 20 

I 

vF. pL. r. 

2 26 

I 

eF. not verified. 

I 44 

2 

vF, vS. Ilellar. 

0 15 

I 

vF. pS. 

O l8 

I 

vF ftellar. 

O 40 


f Two. The fp. vF. IE. The nf. 

* • • • j 

I 

L eF. 5 or 6' dift. 

0 45 

I 

eF. vS. 

0 17 

I 

J eF. vS. ver. 240. difcovered in 
1 gaging. 

0 33 

I 

vF, pS. 

0 25 

2 

F. S. 

2 26 

2 

vF. S. 

0 29 

I 

vF. pS.vlbM. iR. 

1 36 

I 

vF. vb. vlbM. 

0 34 

I 

vF. x'n. Sit. 

0 18 

I 

vF, vS. ver. 240. 

0 23 

I 

vF.S. 


f Two. 2 or 3' diftant. Both vF, 

I 12 

X 

l vS. the moil f, fainteft. 

0 32 

I 

vF.S. 

0 38 

I 

vF. vS. 240. the fame. 

1 44 

I 

vF. vS. 240. the feme. 

0 19 


rvF. vS. pL. two ftellar. fuf* 

X 

| pe&ed near it* 


III. 



34 i Apr, 


rc>7 {b) Comae p 
_ - - p 

— - - P 


— 40 Comic f 

— 12 («’) Booth f 
11 23Leonisniin f 

■— ggLeonis min p 

— 44Leonismin f 


14 (i) Coma p 
- Pi 


— 15 (f) Coma f 

— 41 Coma; P 


-— 43 Coma 


— 14 (1) Coron p 
i393Lconia p 
14 ix Libra f 
•— n Serpentis p 
25 93 Leouis p 
at - - p 


26 41 n 0 56 i 

22 55 f 0 32 1 

20 7 f 0 41 

18 31 f 0 43 i 

1 38 n 2 8 

7 40 i I 17 

3 12 i I 38 

9 28 n 1 18 1 

17 36 n ° 35 1 

20 58 n 0 51 1 

53 4 n 0 26 1 

28 29 u o 43 | 

21 41 1' o l(> 1 


I 17 1 


1 18 1 


0 35 1 
|° 5 i 1 
0 26 1 
o 43 « 
o 16 1 


17 4 °l n 1 1 55 1 


- P 14 24 11 * 55 1 


0 40 n 
3 2 i 
0 16 11 
5 24 n 

1 b n 

2 26 n 
I 24 f 

11 2 f 

25 41 f 
28 b n 
52 f 
x 23 n 
1 18 f 

12 8 f 
7 28 n 
5 57 !» 


0 18 1 

1 3 1 

O 2j I 
0 25 I 
0 41 I 
I 18 1 
0 2 I 

0 53 1 
0 29 1 
0 31 1 
1 8 1 
0 25 1 
0 xa 1 
1 18 x 
072 
0 .3! 2 


vF. vS. \or. 240. culily. 
vF. vS. IK. t 

vF. \ S. 240. the fame. 

/ Two. 5 01 6' cliflant. BothcF. 
1 vS. ver 24 0, 
eF. pL. IK. ver. 2 jo. 
vF. IE. S. 

cF. IE. a little doubtful, 
f eF. 24O ihewal a few 8ft. with 
1 neb. but douLtf. 
vF. 5 >. 

1 Two. Both vF. vS. the moft f. 

1 is the faintefr. 

eF. 240 left it doubtful. 

\E. vS. difcovered in gaging. 
vF.S. pmE. 

.Two ot 3. the place is> that of IT. 
J 371. Both y!\ mb. A 4th 
l iufjicaed. 

-Threeof acjuaitile. The place 
/ is that of II. 372. All vF. 
I v 1 ?. and all within 3', 
vF. vL. 

eF. cL. 4 or 5' 1 . 1' b. 

vF. 

vF. 

vF. 

vF. p<?. 
vF. pL. 

vF. nils. 1 1 'U r. difew. gaging. 
eF. vS. 240 left a little doubt. 
vF. 8. nils, nearly mcr, 
vF. S. R. ver. 24O eafily. 
vF. cl,, moon-light. 
vF. juft n. Sft. 
eF. pL. r. 
vF. vS. r, 
eF. vS, 
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Dr. Herschel’s Catalogue of One Thoufand 
Fourth clafs. Planetary nebulae. 


Stars with burs, with milky chevelure, with ihort rays, remarkable 

fliapes, &c. 


IV. 

1782 

Stars. 

J 

M. S. 


D.M.< 

}b. 

X 5 

iept. 7 

1 3 CO Aqiaarli 

P 

5 24 

n 

0 2 

11 


1783 







2l 

Dec. 26 

13 Monocer 

f 

6 4 

a 

1 27 

4 


1784 



8 18 




3 

[an. 16 

15 Monoccr 

P 

n 

0 IS 

4 

4 

Feb. 22 

69 Leonis 

f 

10 3 

f 

1 3 

2 

5 

— 

29 (y) Virg 

P 

9 0 

n 

1 33 

2 

t 

*3 

59 (r) Leonis 

P 

9 0 

f 

Q l8 

1 

3 

Mar. 14 

51 (m) Leon 

f 

17 0 

f 

0 39 

2 

8 

1 15 

34 ‘Virginis 

P 

10 12 

f 

0 51 

2 

9 

xo 

j 

21 

51 ( m ) Leo 

P 

21 15 

f 

1 48 

1 

11 

May 21 

51 (1) Ophiu 

P 

1 42 

n 

0 14 

2 

12 

24 

3 (P) Sagitt' 

f 

22 c 

n 

1 47 

jD 

13 

July 17J 

39 (^) Cygni 
21 Vulpecu 

P 

f 

a 6 

2 6 

f 

> n 

1 35 
1 Si 

2 

14 

21 

27(^)Aquil* 

P 

j 

& 6 

1 f 

1 45 

2 


Sept. 8 

21 («) Andr 

f 

2 6 

i f 

1 21 

I 

16 

16 

x6(*i)Sagittse 

f 

17 12 

, n 

0 1 

2 

*7 

20 

J 

r< \ 

81 Ceti 

f 

36 30 

n 

0 36 

I 


Defcription. 


vB. nearly R. planetary not well 
defined diik. 

cB. fan-lhapcd. about 2' 1 . from 
the center. Fig, 7, 

pB. m. like a ft. with an electri¬ 
cal brufti. Fig 8* 
eF. S. like an ft. with a vF* 
brulh fp. 240 {hews the ft. 

A pBft. with a m. ray f. par* 
15 or 20' 1 . Fig, 6. 

F. L. C. A central B. point with - 
eF. m. chev. 

F. pL. m. between 2 Bft. like an 
eleCtrical brulh to the raoft n. 
but is not connected. R. 

A double Nebula. The che, run 
into each other, dole, not vF. 

A pcft. with a vF. brulh nf-with 
24a 2 vSft, vifible in it, but 
not connected. 

pB, R. p. well defined planetary 
diik. 30 or 40" d. 

F. L. iR. inclining to m. 3 or 4' 
d. like a brufli to a np. ft. but 
probably unconnected, 
f pF, exactly R. of equal light, the 
1 edges p. well def* i f d. See note. 
vF. of equal light, r. x f d. in 
the midft of numberlefs ft. of 
the milky way., 

A Fft. with S. chev, and % burs. 
pB, perfectly R. pretty well de¬ 
fined. I' d. r, 

A Sft. with a vF* nebulous brufli 
if or z f I# difeovered with 

240* 


IV, 


n 


14 Androm. 

p 

6 11 

n 

316 

5 Monoc. 

p 

7 6 

f 

010 

- 

p 

3 42 

n 

0 3 

12 Leporis 

p 

8 48 

n 

0 24 

7 (|) Navis 

f 

3 r ° 

f 

128 

75 Ceti 

p 

4 4 ° 

f 

0 6 

50 (0 Orio 

f 

0 57 

f 

0 17 

i g Navis 

p 

67 0 

n 

1 15 

34 ( r ) End 

f 

16 16 

n 

0 49 

6 (3 b) Crater 

p 

28 39 

n 

1 25 

31 Crateris 

f 

I 0 

n 

0 47 

14 (v) Crateris 

f 

3 36 

n 

0 16 


( 


B. R. a planetary p. well defined 
dilfc. 15" did' with a 7 feet 
refleftor. 

A ft. of the 9 magnitude, with 
m. chev. i elliptical. 

tA ft. of the n or 12 mag. nffcfted 
like the foregoing, but vF. 

vS. ftellar. vBN. and vF. chev. 
not quite central. 

L. pB. R. er. 6 or 7'd. a faint 
red colour vifible. A ft. 8 mag. 
not far from the center, but 
not corine&ed. 2dob. 9 °r 10* d. 

cB. a vBN. with a chev. of 3 or 
4 'd. 

A Bft. with m. chev. $' 1 . 4' b. 

A peft. with vF. and vS. in. 
chev. iF. 

vB. perfe&ly R. or vl. elliptical, 
planetary but ill defined dilk, 
2d obf. r. on the borders, and 
is probably a very comprefled 
clufter of ftars at an immenfc 
diftance. 

Beautiful, brilliant, planetary dilk 
ill defined, but uniformly B. the 
light of the colour of Jupiter. 
40" d. 2d obf, near 1' d. by 
eftimation. 

pB. L, opening’with a branch, of 
two nebulas very faintly joined. 
The f. is fmallcft. 

A Sft. with an eF. brufhp. per¬ 
ceived in gaging, ver, 240. 


Fifth clafs. Very large nebulae. 


Stars. 

1 

M. S. 

| 

D.M. 

Ob. 

Defcription. 

i8(«)Pif.auft. 




1 39 

6 

cB, mE, {p n£ mbM. Above50'!. 
and J or .8'b.C.H, See note. 

; 

10 (r) Virgin 

f' 

24 46 

! 

n 

0 VJ 

4 

_cB.mE.np ff. robM.er.90r io'I 
i * with a branch towards the np. 


















nsiiscHEL s laiaiogue of One Thoufand 


u.i 


o Jin. 24 75Leonis i 104 o f 0 24 1 
A Feb. 237 ( b) Virgin f d 15 0 a 

c Mar. 14 11 Comse i 0411“ 0 J2 1 

6 214 (») Booth p o 45 1 1 “ 1 

7 Apr. 8S2(K)Leonis p 3 0 n 0 41 1 

g —73 (wJLeonis f 4 34 n 0 lb 3 

9 May 2251 (r) Ophiu f 32 48 * 0 4 ° : 

i° J 

11 >Jnly 125 (/') Sagiit' 2 42 n 0 45 1 

12 J 

13 — - - f 4 54 n 0 39 1 

14 Sept. 5,53 (*) Cygni f !I 24a o 44 2 


- f 0 d»o 03 


36 ii28Androm* p n 12 « o i; i 

17 —2 (a) Triang p 18 48 n O $5 1 

18 Oa. S 3S(*)And r p 9 11 n o 37 4 

jg 626 (£) Perfei p 45 n n 1 16 3 

20 207 (£) Ceti f 33 9 1 1 48 1 

1785 

21 Jan. 31 18 (/4)Cani$ f 22 18 n i 2 2 


22 Feb. 761 Virginia f 10 59 n o 17 1 

23 Apr, 327 CJrfae f 13 18 n 0 O x 

24 6 21(f) Comae f 5 20 n I 25 1 


jjeicription-, 

eF. vL. er. R. 7 or S' d, 
vF. R. 5 01 6'd. 

L. E. r. 6 or f l f 

vL eF r. 

vL. F# r. almoft R. 

B E. aim oft par. but L np ff* 
near 15' 1. 

L. E. broad, m, F. 

Thiee nebulae, faintlyjoined, form 
a triangle In the middle is a 
double ft.vF.and of great extent. 
Extenflve m n^b. divided into 2 
parts, the moft n. above 13'* 
The moft 1 followed by ft ira. 
Branching nebulofity, extending 
in R.A. near if deg. and in 
P.D. 52'. The f. part divides 
into teveral ft reams- uniting 
again towards the 1. 

Extended j pdies thro 5, k Cygni. 
By the Newtonian view above 
1 degree 1 . By the Front-view 
near 2 deg, 1 . See note. 
eF. 5 or 6'd. 

m. nebulofity. not lefs than J 
deg, broad, perhaps | degree 
long, but not determined. 
vB. mE. 30' 1 . 12. b. C. EL 
cB. mE. above 15T 3" b. a black 
divifion 3 or 4 1, M. 

A ftreak of light, nearly mer. 

26' 1 3 or 4' b pB. 

A broad E nebulofity, forms a 
parallelogram with a ray foil to¬ 
wards; the pa rail 8 ' 1 # 6' b, vF* 
mE. ff np# 5 or 6‘ 1 . pF. 
u F IE# 1* 6 ox f 1 # 5 or 6' b* 

A lucid ray 20' 1 . or more# 3 0* 
4! b. np ff. vBM, a beautiful 
appearance. 


Sivth clafa. Very compicaeu and rich clufters of ftars. 


Additional *1 Cl# Clufter. 


abbreviations 


fc. Mattered. 


com. cmnpreffed* 
co, coarsely. 


VI, 
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V H 

1 7®3 

Stars, 


M. S. 


D.M. < 

>h. 

I 

Nov 19 ( 

S3 (/>] Gemi 

f 

11 0 

n 

0 12 

3 

2 

Dec. 30 

18 (v) Genii 

f 

27 10 

f 

2 9 

3 

3 

1784 
Jan. 24 

x 2 Monoccr 

f 

11 30 

f 

i 

0 18 

1 

4 

4 So*t intis 

t 

5 3 ° 

0 5 

1 

5 

Feb. 11 

31 (2|) Gtro 

P 

31 0 

i 

1 

0 15 

1 

6 

Mar. 8 

07 Gemin 

P 

18 0 

1 57 

1 

1 

14 

42 Comae 

f 

8 30 

EL 

0 8 

1 

h 

Apr. 25 

26 (x) Virg 

f 

23 44 

i 

0 6 

1 

c 

May 17 

11 Bootis 

f 

4 18 

n 

1 7 

1 

JC 

21 

21 («) Scorp 1 

P 

1 48 

n 

0 24 

1 

U 

- 

39 Ophiuchi 

P 

13 24 

f 

0 26 

1 

12 

24 

43 Ophiuchi 

P 

12 42 

n 

1 3b 

1 

*3 

June 24 

10 (y)’Sagirt 

P 

14 48 

n 

0 18 

1 

14 

July 11 

9 Yulpec 

P 

4 0 

11 

0 33 

t 

*5 

July 12 

* 

34 (*) Sagiit 

P 

6 54 

n 

0 27 

1 

16 

; Aug. 18 

I2(y)Sagitta. 

P 

4 18 

< 

4 32 

r 

17 

' Nov. 16 

*785 

42 (i«) Gem 

P 

54 53 

■ l 

0 29 

2 

18 

Mar. 4 

. 11 Monocer 

f 

27 15 

if 

0 2 

4 

*S 

>, * c 

1 24 (ifb)Libi 

f 

5 c 

1 f 

1 16 

1 


Defcriptitm# 


A beautiful Cl. of many L. and 
com. 8. ft, about 12' (1* 

A v. com. Cl. of eSiL iP, 5 or 
or 6' d. 

A CL of v. coni* and e'L ft. K. 

A CL of v. com. S. ft 
A CL of v. com. S. 7 or 8'd. 

A CL of ft. of vauous fi'c* 
pm. com. M. p. rich. 

AneF. Cl. ofeS. ft, with r neb. S 
or 10 d.vcr. 240.beyond doubt. 
A v. com, Cl. of ft, 8 or </ d. 

e rich, ill, or 111. 

A CL of eS, and com, ft. 6 or 7' 
d, many of the ft. viti blithe reft 
fo S. as to appear nebulous 
A v. com* and cl.. CL ol the 
fmallcil flan im igin thlc, all of 
a dulky ru! colour, the next 
ftep to an t r. neb, 

A fine miniature of the T9 ne¬ 
bula ot the Connoiif, ties 
Tunps (which is a CL of v* 
com* ft, much accumulated 
ML 4 or 5'd. nil the ft rod,)* 
7 or 2 f \ d, the ft, f\ led. 
Another miniature Cl. like the 
preceding, but nth* r to.uler* 
A CL of S, ami p. rum tl.tft (e* 
\u*al ma$. ^<>1 t/d tu»i v, neh# 
ACL of cS, an 1 ■v. corn* 0* a }>&• 
rallelogutm of 4 L i f b. liter* 
A iufpcded Cl ot vPlr, ui conft* 
filterable ikihH* not ver* 

A vS. Cl of com* ft* 

A v, jtich CL of V* com. and eSfh 
4<n 5'd. A miniature of the 3$ 
j Cl. of the Conn, dr T, which 
it piccedes i* 18" mid is a' n. 
A v com. and rich CL of vSft« 
iF. 8 or 9 / d* 

A be mtiful L* CL of the tnoft mi* 
nuts and xnoft com* ft, of dif¬ 
fered ft«ea* 6 or f d, iR* JP* 
red colour*. 


m 


Jan. 18 

90(ir)Taun f 

II of 

24 

8 Monocer f 

8 17 n 

Feb. 8 

3 Leporis p 

72 30 f 


15 (2 y) Orio f 

3 6 n 

23 

13 Monocer p 

3 *5 f 

Mar. 16 

50 Gemino f 

3 55 J 

May 24 

3 U>) Sagitt* f i 

IS 54 f 

July 17 

41 (?) Cygui f 

5 42 f 

l 9 

12 Velpecu p 

0 5 n 

Nov. 20 

7 (£) Navis f 

S 5 6 n 


II o f i 30 2 AC 1 . of L. feat. ft. 10 or 12'in 
extent, with a vacancy M. 

8 17 n 0 23 3 A beautiful CL of fc. ft. chiefly 
, of 2 forts, the fiift L, the fe- 

cond arranged in winding Iiaes. 
contains the 12th Monoc. 

7 2 3 ° ^ 0 3 ° 1 AS. Cl. of com. ft. fomepL. 

3 6 n 1 10 2 A Cl. of pL. and p, com. ft, c. 

rich. 20 or 25'd. iR. 

3 15 f o 28 I A Cl. of com. ft. of various mag. 

p. rich in Sft. not R. 

3 55 * 2 9 1 A p. rich and com. CL of ft. 

*5 54 * 0 81 Ac. rich, but p. co.fc. CL of ft* 

1 . more com. M. 

5 42 f 2 15 A v. rich Cl. of pS. fc. ft. moll 

of the fame lize. 20'd. 

0 5 , n 0 3 ° 2 A L. CL of p. com. ft. moft of 
I one fxze. 

0 4 ° 3 A vL. CL of fc. ft. c. rich and 
com. more than 15'd. 
o 51 A c. rich CL of co, fc. ft. above 
20'd. 

1 2 5 4 A beautiful CL of p. com* ft, 
near | deg. d. C. H. 

o 44 1 A CL of fc. Sft, not v, rich above 
15 ' i 

o 20 1 ACLofco. fc. ft.20'd. 

1 5 2 1 A S. CL of p. com. ft. not v. rich, 
o 16 1 A CL of fc. ft. c. rich. 20'd, 

1 I 2 A v. beautiful CL of pL, ft. v. 
_._ - . _ rich, contains the 30 Cams. 

Eighth clafs. Coarfely fcattered clutters of ftars. 


1785 

11 Jan. 31 19 Navis 

12 Feb. 4 6 Navis 


13 6 2 (£) Cants 

14 818 (p) Canis 

15 Mar. 6 26 Canis 

16 — - - 

17 — - - 


p o 40 n 

P 3 1 59 n 

p 

p 7 10 f 

f 3 17 a 

f 1 22 n 

f 1 56 n 

f 6 26 n 


1783 Stars. 

M. 

s. 

[D.M. 

Dec. 14 Navis 

4 

0 

|° 4° 

[58 (*) Orioa 

8 

28 

I 16 

13 Monocer 

1 


I < 2i 


Defcription. 

A Cl. of co. fc. ft. The place w 
that of the moft com. part 
which is not M, 

A S. Cl. of vS. fc. ft. 

An E. Cl. of L. fc. ft. 


vra. 


new Nebula and Clujfers of Stars . 


D.M Ob. 


Dcfcription. 


4 Jan. it) u 2 ( 0 )Tauri p 

5 18 i ^ Monocer p 

6 24 8 Monocer p 

7 Feb. 10 4 Orionis p 

8 15 97 (i) Tauri p 


0 5 1 ’ 0 ji 3 

0 0 n 0 03 

14 20 n o 42 

4 of 1 7 1 

5 28 n 0 13 2 


19 24 ( y ) Gemi p 8 15 n 0 15 1 


10 Mar. 15 50(2A) Cane f 

11 1650 Gemini f 

12 June 16 I (m) Aquilas f 

13 — 20 Aqiiike p 

14 18 43 (d) Sagitt 1 p 

15 July 15 Oj Sagittal ii p 

16 1712 (ip) Cygni f 


17 18 33 Vulpec p 

18 Sept, 46i(p)Aquilae p 

19 — - - P 

20 918 Vulpec t 

* 2 t 106 Vulpec p 

22 — 18 Vulpec f , 

23 061 :. 15 12 (y) Delph p 1 

24 -—67 (v) Orion f 

25 16 10 Monocer f 

26 Nov. 16 I (H) Gem p 

27 20 n (*) Navis p 

28 Dec. 5 54(1*) Orion p 

29 9 ioi(4^)Aqu f 

30 —25 (^jCanis f 

n8s 

31 Jan. 6 19 Monocer p 

3* 10 26 Monocer p 

33 ~ - ^ P 

34 ^ ^ - J> 

35 312 Navis p 


3 0 f 0 44 1 

15 55 { 2 19 1 

1 42 n o 2 i 

12 48 f o 56 1 
44 48 n t 54 1 

103 36 n 2 II 

13 6 f o 44 i 


24 18 n 0 4 : 
2 54 n o 18 1 
0 42 n 0 40 I 

1 0 f 0 27 j 

2 27 n o 29 2 
1 12 f 0 12 1 
5 18 n 0 3J 1 

1 o f o 46 1 
0 0 f 0 0 1 

2 16 n 0 31 

36 41 n 0 46 I 

11 53 f o 15 1 
32 30 n 0 11 i 

57 10 f 115 1 


A. Cl. of eo. and i. fc. pLfl, 
Double and attended by more 
than 3ocLft. 

A Cl. of co. fc. A. not iieh, 

A Cl. of L. and .s. lc. ft. not rich. 
A Cl. of cL. v. co. fe. ft, perhaps 
a projecting point of the m way. 
A Ci. of vui. lc. ft, of vatious 
magnit. ne,tr£ deg. not ririt. 

A Cl. of v, co. lc. ft. not rich. 

A Cl. of lc. ft. • 

A Cl. of v. co. fc. ft. 

A Cl. of co. fc. ft. not rich. 

A Cl. of lc. pLfl. 

A Cl. of co. fc. ft. 

A Cl. of not v. com. ft. clofeft M. 
It may be called (if the expref- 
lion be allowed) a forming CL 
or one that k ems to be gathering 
A Cl. of many L ft. ft. 

A S. forming Cl. of ft. 

A Cl. of co. fc. L. ft. not rich. 

A CI. of co. fc. ft. not rich. 

A Cl. of cL. co. fc.ft, 

A Cl. of co. ft, ft. 

A Cl. of co. fc. ft. 

A SCI. of pL. white ft. 

The 10 Monoc, furrounded by 
by many Bft. 

A Cl. of ft. of various magnit, 
nor v. rich. 6 or f d. 

A S. Cl. of fe. ft. not rich, nor v. 
com, 

A Cl. of pL, fc. ft, not rich. 

A Cl. of a few co. fe, L. ft. 

A vL. Cl. of many co. fc. L. ft. 


15 36 n 1 31 A L, Cl. of fc. ft, not v. rich. 

34 32 f 0 41 x A Cl, of co. fc. ft, of many 

nugn, p, rich, above i c'd. 

32 3Qf 1 15 I A Cl. of fc. L. ft. 

26 36 f 0 52 i An extenfive Cl. of fc. ft. 

21 23 n I 21 3 A Cl. of pL.fc, ft, p.rich. about 

I I 20' 1. crooked fig. 


3 
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1785 

Stars, 


M. S. 


D.M. 

Ob. 

[ Defeription. 

3 6 

Jan. 31 

19 Navis 

P 

43 20 

n 

1 0 

I 

A forming Cl. of co* fc. ft. 20 
or ft' dm. 

37 

Feb. 4 

6 Navis 

P 

16 47 

n 

1 43 

2 

! 

A S. Cl of p, com. ft. of vaiious 






1 

lizes not V, rich. 

38 

, 

2 Navis 

P 

8 55 

n 

0 10 

2 

A Cl, of *p. com L. and S. ft. 







II. above i§' d. 

39 

Mar. 4 

11 Monocer 

f 

23 

n 

0 3 

3 

An extenfivc Cl. of ic. ft. of 







various ftzes. 

40 

IX 

47 Geminor 

! 

P 

4 2 

n 

0 18 

11 

Cluftumg L. fc. ft. many of 

j 






equal uzc. 


Notes to fame Nebula and Cluprs of Stars. 

L 7. This remarkable appearance being no longer in the place it has been 
obfervcd, we aauft look upon it as a very confiderable telelcopic comet. I f was 
vifible in the finder and refembled one of the blight nebula of the Connoiflance 
des Temps fo much, that I took it for one of them till I came to fettle its place; 
but this not being done till a month or two after the obieivation, the oppor¬ 
tunity of purfuing and inveftigating its track was loft. 

3 . 13.. The figures referred to, in the defeription of this and fome other 
nebulae, may be found in the Plnlofophical Tranfaftions, voLO£XIV. tab, XVII* 
p. 450. 

I* 28* The numbers annexed to fome of the nebulae refer to the clafs and 
number of the preceding Catalogue : thus, II. 41, denotes that the 41ft in the 
fecond clafs is the third nebula, following the two here deferibed. 

I, 28. Near the 84. and 86. neb. of the Connoiflance des Temps. 

II. 6. This has probably been a telefcopic comet, as I have not been able to 
find it again, notwithstanding the affiftance of a drawing which reprefents the 
teldcopic ftars in its neighbourhood. 

II, $5. The preceding is the 85 of the Connoiflance des Temps. 

II, 84* 6 or 8' following the 100 of the Connoiflance des’Temps. 

II. 1x8. Juft following the 88. of the Connoiflance des Temps. 

II. 123, 124* The third is the 87th of the Connoiflance des Temps. 

HI, 44. The following is the 60th of the Connoiflance des Temps. 

? IV. ^3. Before the value of the degree was more ftri&ly afeertained, the two 
thu*; 
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21 Velpeculie I f I o! 6" x° S 1 ' 

39 (-&) Cygni | p | 8 6 i 35 

which, if theie be no error in the place of the ftars in Flamith r>’s Catalogue, 
differ about 14/ in polar diftatice, for which rcafon in the fecotid l’aper on the 
Conftiudion of the Heavens this nebula was put down twice, whuxea» it now 
appears, that both obfervations belong to the fame. 

V. x. This nebula was difeovered Sept. 23, 1783,'by my After CAROttwr 
Herschel, with an excellent fmall Newtonian Sweeper of 27 inches focal length, 
and a power of 30. I have therefore marked it with the initial letters, C. li. ol 
her name. See alfo V. 19. difeovered Aug. 27,1783, and VII. 13. difeovered Feb, 
26, 1783. 

V. The Front-view is a method of ufing the reflecting tclcfcope different from 
the Newtonian, Gregorian, and Caffagrain forms. It confifts in looking with the 
eye glafs, placed a little out of the axis, diredly in at the front, without the 
interpofition of a fmall fpcculum; and has the capital advantage of giving ua 
almoft double the light of the former conftrudions. In the year 1776 I tried 
it for the firft time with a 10 feet refledor, and in 1784 again with a 20 feet 
one; hut the fuccefs not immediately anfwcring my expectations, it was too 
haltily laid afide. By a more careful repetition of the fame experiment I find 
now, that feveral other confiderable advantages, added to the brilliant light before 
mentioned, make it fo valuable a conftru&ion that a judicious obferver may avail 
himfelf of it at leaft in all cafes where light is more particularly wanted; and 
from the experience of 30 fweeps, which I have already made with it, I may 
venture to announce it to be a very convenient and plsafant, as well as ufeful, 
way of obferving. With regard to the pofxtion of objeda, it differs from other 
conftrudions, by inverting the north and fouth, but *not lh® preceding and 
following. 


. Errata of the Catalogue. 

The following nebula flxould ftand thus. 

I. 54 • 35 (*) Andr. 18 36 1 26 pB, S. R. vgbM. 

II. x. 41 Aquarii pin 45 Jo 17 F. cL. mE.bM. er, 

II. 239. In the defeription read The ad of two. 
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XXVIII. ImeJIlgathn of the Caufe of that Indiftnfinejs of 
Vifion which has been afcribed to the fmallnefs of the Optic 
Pencil. By William Herfehel, LL.JD. F.R.S. 


Read June 22, 1786. 

S OON after my firft eflays of ufmg high powers with the 
Newtonian telefcopb, I began to doubt whether an opinion 
which has been entertained by feveral eminent authors, “ that 
« vifion 'frill grow indiffinft, when the optic pencils are left 
« than the 40th or 50th part of an inch,” would hold good in 
aM cafes. To judge according to fo rigid a criterion, I per¬ 
ceived that I was not intitled to fee diftin&ly with a power 
much more than about 320, in a 7-feet telefcope which bore 
an aperture of 6,4 inches; whereas in many experiments on 
double ftais I found rayfelf very well pleafed with magnifiers 
that far exceeded fuch narrow limits. This induced me, as it 
were, by way of apology tb myfelf, for feeing well where I 
ought to have feen lefs diftin&ly, to make a few experiments 
on the fubjeft of the diameter of optic pencils. It occurred to. 
me, that an opinion which iimits them to any given fize can-^ 
not be fupported by theory, which does hot determine on fub- 
je&s of this iiatnare, but fault be decided, like many other 
pbyfical cgjeftions relating to matters of fa£t, by careful expe¬ 
riments made upon the fubjedt. The way, therefore, to come 
at truth, in a cafe which feetned to me of confiderable im- 
< |oih^de ? by ftill open to me* as it had done to former ob- 
y fervers; 



Dr. Herschel’s Experiments , &c. 501 

Servers; and I thought myfelf authorifed, according to a Car- 
tefian maxim (Dubia etiam pro falfis habenda)> to fuppofe, for 
a while, the fize of optic pencils, require for diftind vifion, 
entirely undecided. 

The firft opportunity I had of making the propofed experi¬ 
ments was in the year 1778, and the refult of them proved fo 
decifive that I have never fince refumed the fubjed; and had it 
not been for a late ccmverfation with fome of my highly 
fcfteemed and learned friends, I might probably have left the 
papers, on which thcfe experiments were recorded, among the 
reft of thofe that are laid afide when they have afforded me the 
information I want. But a doubt Teeming ftill to be enter¬ 
tained on the fubjed of the fmalinefs of the optic pencils, it 
may now be proper for me to communicate thefe experiments, 
that it may appear how far the conclufions I have drawn from 
them are warranted by the fads on which i fuppofe them to 
reft. 


Experiments with the naked eye. 

Exp. 1. Through a very thin plate of brafs I made a minute 
hole with the fine point of a needle ; its magnified diameter, 
very accurately meafuted under a double microfcope, I found 
to be ,465 of ail inch, while under the fame apparatus a line 
of ,05 in length gave a magnified image of 3,545 inches. 
Hence I concluded* that the real diameter of the perforation 
was about the 15 2d part of an inch. Through this fmaU 
opening, held clofe to the eye, I could very diftindly read any 
p tin ted letters On which I made the trial. Proper allowance 
tntfft be made for the very iticonvenient fituation of the eye, 
wh,iph by the unufual ciofenefs to the paper cannot be expeded 

T 11 a to 



^02 Dr. HerSchel’s Experiments 

to fee with its common facility. Befides, the continual mo¬ 
tion of the letters, which is required on account of the fmall- 
nefs of the field of view, muff needs take up a confiderable 

time. 

Exp. 2. In fome other pieces of brafs I made fmaller holes; 
and among many, that were meafuied with the fame accuracy 
as in the former experiment, I found one whofe magnified dia¬ 
meter was ,29 : hence the real diameter could not exceed the 
244th part of an inch. Through this opening I could alfo 
lead the fame letters; but the difficulty of managing fo as not 
to intercept all the incident light, as well as the very uneafy 
fituation of the eye, were fufficient reafons for not carrying the 
intended experiments any further under this form. Befides, I 
ffiould hardly have allowed them to be fair, if, on a further 
contraction of the hole in the brafs plate, an indiftinCtnefs had 
come on; as we might well have fufpeCted at leaf! two other 
caufes, befides the fmallnefs of the pencils, to contribute to 
fuch an imperfection; viz. want of light, and a deflection of it 
on the contracted edges of the hole. 


Microfcopic Experiments. 

Exp. 3. I had now recourfe to a double microfcope, confin¬ 
ing, for fimplicity’s fake, of only two lenfes. The focal 
length of thd eye-glafs, carefully afeertained by an objeCt half 
a mile off, being ,9; the diftance of the objeCt-glafs from the 
eye-glafs 9,36; and the aperture of the objeCt-glafs ,0405. 
Hence we compute that the diameter of the optic pencil, when 
3t entered the eye, could not exceed the 232d part of an inch*; 
vet with fhis conftruCtxon I faw very difitinCtly every objeCt I 
the miemfeppe. 
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Exp. 4. I reduced the aperture of the objeft-glafs to ,013 ; 
hence the pencil was found to be the 724th part of an inch; 
and yet I faw with this conflxu&ion very diftin&ly every object 
that was placed under the magnifier. 

Exp. 5. X made a fecond reduction of the aperture of the 
object- glafs, fo that now it was no more than ,0052; and 
therefore the optic pencil lefs than the 1800th part of an inch ; 
and yet I could very well count the briftles on the edge of the 
wing of a fly* and diftinguifh their length and thickncfs. 

Exp. 6 . Changing the conftru&ion of the microfcope, I 
now reduced the pencils by an increafe of power. Solar focus 
of the eye-glais ,52; diftance between the ol)je£t-glafs and 
eye-glafs 7,6; aperture the fame as in the third experiment. 
This gave me a pencil of the 336th part of. an inch, with. 
which I faw very diftin&ly. 

Exp 7. Applying now the reduced aperture of the fourth 
experiment, I had a pencil of the 1139th part of an inch, with * 
which l faw very well. 

Exp. 8 I changed the eye lens for another of ,171 focal 
length; the object glafs and diftance between the two lenfes 
remaining as in the two laft experiments; aperture ,02. This 
gave a pencil of the 2173d part of an inch, with which I 
could count, or rather fucceffivdy fee, the briftles before-men¬ 
tioned very well; the field, on account of the great power,. 
not taking in more than two large and a fmall one at a time. 

Exp. 9. I was now convinced, that we may fee diftindly' 
with pencils incomparably lefs than the 40 th or 50th part of an 
inch; and indeed fo far from expecting any obftruflion to . 
diftinft vifion from the ftoallnefs of the pencils, it appeared. 
tq me now as if their fize might in future be intirely left out - 
.of the account. With a view, however, of feeing what other .* 

caufe.. 
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■caufe might bring on that indiftin&nefs which had been afcribed 
to the final! nefs of the optic pencils, I continued thefe expe¬ 
riments with a variation in the apparatus, and tiled now an 
objeft lens of a different focal length ; the aperture and other 
particulars being as in the 4th experiment. By this conftruc- 
tion, which gave me a pencil of the 724th part of an inch, I 
could fee obje&s very well; but though they appeared diftindUy, 
they were not fo (harp 011 the edges as one would wifh to fee 
them. This being compared with the 4th experiment, it ap¬ 
peared that, with equal pencils, unequal degrees of diftindtnefs 
may take place 5 and a pretty ftriking circumftance, which ferved 
t® lead me in the following experiments, was, thatthe final left 
power gave me theleaft diftinfit image; notwith(landing, from 
former trials, the goodnefs of the lenfes I employed could not 
be doubted. 

Exp. xo On an examination of circumftances it occurred to 
me, as indeed I had already ‘before furmifed, that a certain 
proportion of aperture might be neceflary to a given focal 
length of an objed-leiis or fpeculum; and that a failuie in this 
point might probably bring on that indiftin&nefs which had 
been aferibed to the fmallnefs of the pencils. Ill order, there¬ 
fore, to put this to a trial, I ufed now an objed-lens of 1,25 
focal length, with -an aperture confined to ,01; the reft of the 
apparatus being as in the 3d, 4th, and 5th experiments. The 
pencil in this cafe was about the iooodth part of an inch 5 
4nd though by a different conftrudioii I had already feen very 
well with a penbii of not half that dimeter, I found this to 
give me, tjoV i had reafon to expeft, a very indiQj*n& 
fo much fo indeed, that k coifld hardly /be billed a 
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Exp. xi. Increafing the aperture of the objeft-lens to ,0124, 
1 had a pencil of the 758th part of an iach r but could fee no 
better with it. 

Exp. 12. Proceeding in the track now pointed out to me, I ad¬ 
mitted an aperture of ,0175 which gave a pencil of the 556th 
part of an inch, but could fee not much better with it than 
before. 

Exp. 13. On a farther increafe of the aperture to ,0231 ^ 
and a pencil of the 406th part of an inch, I faw a little better * 
but {till had not diftin&nefs enough even to fee the briftles. 
before-mentioned at all. Hence we may conclude, that, in& 
fuch conftru£tions as the prelent one, the aperture of the objedfc- 
glafs mu ft bear a confiderable proportion to its focal length j 
lince the 54th part (for ,0*3! 1,35 :: 1 *. 54) » here not 

nearly fufficieot. 

Exp. 14. To the fame apparatus I applied a higher power* 
by an exchange of the eye-gldf&s hut the indiftinftnefS' re¬ 
mained as before. 

Exp. 15. Returning again to th® former conftrudion, I ad¬ 
mitted an aperture of about *037 S and having now a pencil of 
nearly the 250th part of an inch, I could but juft perceive fora* 
of the large briftles, which Ihews that even the 34th part (for 
,037 : 1,25 :: 1 1 34) of the focal length i® not a fuflScieftt 
aperture for objedfc-lenfos that affe under Ihch circumftanees as 
the prefeut. 

So for I have only related experiments that were made in the- 
year 1778} and my opinion that the fmailnef 9 of the optic, 
pencils could be no objection to feeing well being!- thus fup- 
ported by evident fa£fe&*. I befitatfed not, in a Paper on the* 
Parallax of the Fixed; Stars (Phil. Tranf. vol. EXXIT. p* p6.)» 
to eftftoa^ that we might fee difticuftly with .pencils- much. 

frnalkr. 
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fmaller than the 40th or 50th part of an inch. It did not ap¬ 
pear to be neceffary, nor would the fubje<ft of that Paper per¬ 
mit me to enter into a detail of experiments; but having, in 
the courfe of my reading about that time, met with an account 
of fome very fmall globules made for microfcopic ufes, I con¬ 
tented myfelf with an inftance of fmall pencils taken from 
’them. I fhall, however, now proceed juft to hint at a few 
inferences that may be drawn from thefe related experiments; 
as, upon a mature confederation, we may find reafon to be¬ 
lieve they point out a caufe of indiftindknefs of vifion hitherto 
never noticed by optical writers; and which, when properly 
inveftigated, cannot but influence, and in fome refpedts con¬ 
tribute to the improvement of, our theories in optics. For, 
admitting that every objeft-glafs or fpeculum, whofe aperture 
.bears lefs than a certain ratio to its focal length, will begin to 
give an indiftimft picture, it will foHow, that while former 
opticians have been endeavouring to diminifh the aberrations 
.arifing from the fpherical figure, and the different refrangibility 
•of rays, by increafing the focal length, they have been unaware 
•of *expofing themfelves to the sonfequences of the caufe of 
indiftin&nefs here pointed out. And till its influence fhall be 
■well afcertained and brought to a proper theory, we muft fuf- 


pe£t that fuch tables as thofe which are given in our beft 
authors of -optics, pointing out an aperture of lefs than 6 
inches for a glafs of 120 feet focal length (or a ratio of 1 to 
240) muft be far from having that degree of perfection which 
4nay yet be obtained. No 'wonder that telefcopes, made ac¬ 
cording to theories ot tables, where one of the caufes of in- 
sdiftenCtnefs is unfufpe&ed, and therefore left out of the account, 
fmallsr pencil than the 40th or 50th' part of an 
#*&*, on canted, by increafing wt apertures we 
' j certainly 
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certainly run into great imperfe&ions, we ought neverthelefs 
alfo to confidcr what dangers, on the other, wc may incur by 
leflening them too much. 

As foon as convenient, I intend experimentally to purfue this 
iubjedt, in order to obtain proper data for fubroitting this caufo 
of optical imperfection to theory; at prefent my engagement 
with the work of a 40*feet refledtor will hardly permit fo 
much leifure; and till I fhall have repeated, extended, and 
varied thefe experimental inveftigations, I would with them to 
be looked upon as mere hints that may afford matter for future 
difquifitions to the theoretical optician. 
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Effai fur le Fluide Ele&rique, confiderc 
comme Agent univerfel, par feu M. le 
Comte de Treflan. Paris, 1786. 
2 vol. 8° 

Methode de traiter les Morfurcs des 
Animaux enrages et de la Vipere, par 
M. Enaux et par M. Chauffier. Di¬ 
jon, 1785. 12 0 

May 4. A Gold Medal on the Inauguration of 
the Equeftrian Statue of the Emperor 
Peter I. 

Memoires de Mathematique et de Phy- 
fique prefentes & l’Acadenqie R. des 
Sciences par divers Savans. Tpm. XI* 
Paris, 1786. 4° 

Ephemerides Aftronomicae anni 1787 ad 
Meridianum Mediolancnfem, fuppu- 
tatse ab Angelo de Cefcris. Mediolani, 

1785* 

18. Connoiffance des Temps pour l’Annce 
1)88, ealcujeeparM. Machajn. Paris, 
1785. 12° 

Ignatii Wltczek Cafus p^culiaris Hiftoria. 

Vilnse, 1783* 8° 

Trigonometric Piaaa e Sferica, di Ant. 

C.ignoli. Parigi, 1786. 4 0 

Ordre du Service des Hopitaux M’ditaires, 
par M. G. Daignan. Paris, 1785, 8° 
35. Thoughts on Magnetifm. 8° 

Jof. Quarto Animadverltones prafticae in 
diverfos Morbos. Vienna, 1783. 8° 
La verit6 mife an EJvideijce, ,9*1 Cinmjieme 
Lettre a M. Cadet, par $L Janin. 
Lyon, 1785. 8* 
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A M. Janin tie Combe-Blanche pour le 
jour de fa Fete ; par M. Thomas. Lyon, 

1 7 . 8 5 * . 8 ° 

Lettres de M. Thomas si M. Janin de 
Combe-Blanche. 8* 

Obfenracions faites k la Societe Royale 
de Medecine de Paris, par 3 VL Janin 
de Combe-Blanche, a Lyon, 1785. 8° 
Replique au Po&eur M* Halle an Sujet 
de fon Ouvrage: Recherches fur la 
Nature et les Effects du Mephitifme: 
par M. Janin de Combe-Blanche. 
Lyen, 1785. 8° 

I. Liber Regis, vel Thefaurus return eccle- 
fiafticarum, by J. Bacon, Efq* Lon- 
‘don, 1786. 4° 

Secunda Differtatio Botanica de Malva, 


Serra, Malope, Lavatera, Alcea, Al¬ 
thaea, ct Malachra, Au&ore A. J. 
Cavanilles* Parifiis, 1786. 4 0 

Explication de la Planche qui reprefente 
plufieurs varietes de la Pierre aux 
Etoiles moijivantes. Hambourg, 1786. 

4° 

15. Memoirs of the American Academy of 
Arts and Sciences. Vol. I. Bolton, 
1785. 4° 

Medical Commentaries for the Year 
1785, by A. Duncan. Vol. X. Lon¬ 
don, 1786. 8 Q 

Numifmata Scoriae, by A, de Cardonnel. 

Edinburgh, 1786> 4° 

Medical Reports of the Effefts of Ar- 
fpnic in the Cure of Agues, remitting 
Fevers, and periodic Head-achs, byT. 
Fowler, M.D. London, 1786. 8° 

Tri-liduanou Goni-arith-metron, Fran- 
eifei Perez. Florentias, 1781. 4 0 

Lettera endclica dell* Abbate Fr, Perez, 
nella quale fi fa palefe la ufurpazione 
plagiaria del fuo ftromento goniome- 
trico trlplfndice fattogii da P. Elifeo 
della Cottcesiofte* Bologna, 1786. 4 0 
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de Dietrich. Paris, 1781. 
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1786. 8° 

A Meteorological Journal kept at Odi- The Author* 
ham, in Hampfhirc, from March 28, 

1785, to Match 31, 1786, by A. 

Baxter, Ffq. MS. fol. 

The Hiftory of Athens politically and The Author. 
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A Thermometer for meafuring high De- Jofiah Wedgwood, Efq. 
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PHILOSOPHICAL TRANSACTIONS. 


A. 


AtRXJZTjO, Account of a Journey into the Province of, p. 365. 

Air, Atmoftberic, note relpefting the weight of it, p. 127. A better conductor of 
heat than the Torricellian vacuum, p. 286. Experiments on the condu&ing power 
of moift air, p. 293. Experiments with air of different denfities, p. 298. 

Air, Htpalic , experiments on, p. 118. What it is, and its properties, ibid. General 
charafters of, p. 127. The action of hepatic and other aerial 'fluids on each other, 
p. 130. The aCtian of hepatic air, and acid, alkaline and inflammable liquors on 
other, p. 137. The properties of water faturated with it, p. 141* The 
properties of alkaline liquors faturated with it, p. 143, Its conftitution, p. 144. 
Of phofphoric hepatic air, p. rjo. 

AJkakne Liquors, their properries when impregnated with hepatic air, p.143. 

Jim, obfervations on the production of) p. 186, 

Amenta* Indians, particulars relative to their nature and cuftoms, p. 239. Enquiry 
into their fuppofed want of beard, ibid, Plnck out their beards, p, 230, Colonel 
Butler's opinion on this fcbjeCt, p. i$u Captain Brant's opinion, p. 232. 
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American Indiansof tbs Sift Nation divided into the Turtle Tribe, the Wolf Tribe, and 
the Bear Tribe, p. 233. The fucceflion of their Chiefs or Sachems, p. 233. 
Their chief warriors hereditary, p 234. Have great women as well as great 
men, who hold feparate councils, ibid. Their friendfhips, ibid. 

Agronomical Injlru-nt, is, obfervation on the graduation of, p. 1. Account of thofc 
made ufe of by Dr. Herfchel, p. 457. 

Agronomical Obfervations made at York at vai ious times from July 15, 1781, to Dec. 
x j, 1783, p. 423. Catalogue of one thoufand new nebula and clutters of flats, p. 
457. See Stars. 

Approximations ufed in refolving problems by Euler, p. 9 3. 

B. 

Barker, Thomas , Ab^rafl of a Regifter of the Barometer, Thermometer, and Rain, at 
Lyndpn in Rutland, in 1785, p. 236. 

Barometer, regifter of in 1785, at Lyndon in Rutland, p.236. Obfervations on at 
York and Scarborough, p. 424. 

Bafaltesy account of, in the ifland of Ponza, p. 373. Account of fome glafs which 
cooled in bafaltic forms, p. 375. Frequently formed by lava running into the fea, 
p. 376. 

Beards, Enquiry into the opinion of the Indians of North America not having beards, 
p. 229. Colonel Bullet’s and Captain Brant’s opinions on that fubjaft, p. 131. 

Bergman, Prefejfor, iirft difcoverer of hepatic air, p. 180. 

Bilge Water, obfervations on, p. 185. 

Bird, Mr. Improvements made by him in the divifion of inftruments, p» 13. 

Birds , fome particulars of the birds in the ifland of Ventotiene, p. 372. Very few 
petrefadtions of the bones of birds to be found, p« 4S 1 * 

Boiling Water, account of a column of, in the fea near the ifland of Ifchia, p. 370. 
Account of a fpring of, called the Bulicame, near Viterbo, p. 371. 

Brahe, Tycho, The pains he took in dividing circles, p. 1. 

Brant, Copt, his opinion of the Indians of North America not having beards, p. 232. 

Bra/s, magneticalexperiments on, p. 67. Farther experiments on, p. 7 6 . 

Briiijb Mufeum, duplicates of petrefa&ions found in St. Peter’s Mountain, near 
Maeftricht, depofited in the Britilh Mufeum, p, 446. Obfervations on the ftcleton 
of a crocodile depofited there, p. 447* 

Butler, Col. his opinion of the Indians of North America not having beards, p. *31. 

C. 

Calabria, note of the prefent ftate of, refpeffitng the earthquakes, p. 380. 

Camper, Peter, conjectures relative to the petrefa&ions found in St. Peter’s Mountain, 
sear Maeftricht, p. 443. Duplicates of the petrefadtions feat to the Britilh Mufeum, 
p.446. 
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Cavallo, Tiberias, magnetical experiments and obrervations, p. 6a. 

Caujland, Richard M‘, parriculars relative to the nature and cuftoms of the Indians of 
North America, p. 229. 

Cavendijb, Henry, Account of Experiments made at Henley-Houfe, IIudfon’s-Bay, 
relating to Freezing Mixtures, p. 241. 

Celane, Lake of, and the emiffary made by the Emperor Claudius for draining it, vifited 
by Sir William Hamilton, p. 368. 

Child-birth, on the dangers of, p. 3 54. Calculation of the extra danger of twins, ibid. 
On the weight and fize of the head of male and female children new born, p. 357. 
The greater danger to the mother from male than female children, p. 361. Abftrad 
of the regifter of the Lying-in Hofpital at Dublin from Dec. 1757 to Dec. 1784, 

P> 3 6 3 * 

Cicero, his villa in the province of Abruzzo converted to a chapel, p. 369. 

Circles, much done by Tycho Brahe, Hevelius, and Dr. Hook, refpefting the dividing 
of, p. 2. Review of the labours of the learned to accomplilh this defign, p. 2. 
Explanation of Mr. Hindley’s method of dividing circles into any given number of 
parts, p. 19. 

Clarke, Jofeph, Qbfervattons on Come Caules of the Excefs of the Mortality of Males 
above that of females, p. 349. 

Clay, the difficulty of obtaining it of the fame tliermometric properties, p. 398. The 
difficulty remedied by a mixture of alum earth, p. 402. The fix changes it under¬ 
goes by different degrees of heat, p. 405. Mixed with alum earth fuffers no enlarge 
ment by ignition, p. 406. 

Clock Facts, beft feen at a diftance with the figures orange and the ground indigo; or 
the figures red and the ground green, p. 346. 

Cochineal, gold fhells fo called, fuppofed to be a fpecies of cochineal in the pupa ftate, 
p. 169. 

Colds, the caufe of their prevailing moll during the cold autumnal rains and upon the 
breaking up of the froll in the fpring, p, 298. 

Cellini, B. ftory of bis feeing devils run on the tops of houfes at Rome, p. 319. 

Colours and Light, new experiments on the ocular fpedtra of, p. 313. 

Comet, advertiftment of the expefted return of that of 1332 and 1661 in the year 1788, 
p. 426. A prize of 6 qoo livres offered by the Royal Academy of Sciences at Pari* 
for computing the difturbances of the above comer, and thence to predift its return, 
p.428. Table of computed places of the comet on fuppofition that it fhall return to 
its perihelion, Jan. 1, 1789, p. 430. 

Copley, Sir Godfrey, his medal for 1785 given to Major-General Roy* for his adroea* 
furcment of a. bafe on Hounflow-Heath, p. vii. 

Copper, magnctical experimentson, p. 72. 

Crocodile, the petrefied bones found at St. Peter’s Mountain, near Maeflricht, fuppofed 
to have been crocodiles proved to belong to the Phyfeter or Breathing-fife, Delphinus, 

Of 
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or Orca, p. 444. Thofe found near Whitby in Yorkfhiie prove to be the fceleton of 
a Balaena, p. 44£. 

D. 

Damp Beds and Booths, the caufe of the clanger of them, p. 298.. 

Darwin, Robest Waring, new experiments on the ocular fpedtra of light and colours, p. 31 J. 
Devils, ilory of Benvenuto Cellini feeing them run on the tops of houfes at Rome, 
P » 319- 

Diachylum, experiments on, with fea fait andfpiritof wine, p. 150. Experiments on, 
with Glauber fait and fal fodtc, p. 158. 

Dividing of hfrummts, improvements in, p. 8. Further improvements by Mr. Bird, 
p, 13. Other improvements propofed, ibid. More improvements by Mr. Ramfclen, 
p. 17. Explanation of Mr. Hindley’s improvement, p. 19. An inch capable of being 
divided into 60,000 parts, p. 24. Propofed improvements by Mr. Smeaton, p. 31. 


E. 


Earthquakes, reafons for fuppofmg the earthquakes at Calabria and at Meffina to have 
been occafioned by a volcanic eruption at the bottom of the fea, p. 380. 

Ehttricat Fijh, account of a new one, p. 382. 

Elliot, John, Obfervations on the Affinities of Subftances in Spirit of Wine, p. 155. 

Euler, Proffer, made ufe of approximations in refolving problems, p. 93. 

Eye, the retina proved to confift of fibtes, p. 316. Retina and mutcles governed by 
fimilar laws, ibid, Perfons fomecimes fuppofe defefl# in their eyes only from 
obferving fpeftra, p. 318. Danger of infpedting very luminous objeds too long a 
time, p. 332. Inveftigation of the caufe of that indiltin&nefs which has been 
aferibed to the fmallnefs of the optic pencil, p. 500. Experiments with the naked 
eye, p, 501. Microfcopic experiments with the eye, p. 502. 

F. 

Elmfieed, Mr. defeription of the fextant invented by him, p. 3. Defcription of hi# 
mural arc, p. 5. 

Fluents , a new method of finding them by continuation, p. 432. Its utility manifeft to 
Sir Ifaac Newton, p.441. 

Freezing Mixtures, experiments at Henley-Houfe, HudfonVBay, relative to, p. 241. 
Experiments with fpirit of nitre and fnow, p. 242. Experiments on the common and? 
dephlogifticated acids of nitre, p, 247. Experiments on the phenomena obferved on 
mixing fnow with thefe acids, p. 254. Experiments on the vitriolic acid, p. 263* 
Experiments on the mixture of oil of vitriol and fpirit of nitre, p, 269* Exp*ri« 
meats on the fpirit of wine, p. 269, 

G. 
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Glaft, Account of feme, which cooled in bafaltic forms, p. 373 * 

Gold Shills, fo called, fuppofcd not to be (hells, but a fpecies of the cochineal in its 
pupa date, p. 168. 

Goodricki, John, A Series of Obfervations on, and a Difcovery of the Period of, the 
Variations of Light of the Star marked f by Bayer, near the Head of Cepheus, p. 48. 
the lofs which aftronomy will receive from his death, p. 4*4. 

Graduations, improvements in, by Mr. Ramfden, p. 17. Further improvements by' 
Henry Hindley, p. 19. Propofed improvements by Mr. Smeaton, p. 31. 

Graham, Mr. improvements in the mural quadrant made by him, p. 10. Completes a 
zenith fe&or, 1727, p. n. 


H. 

Hamilton, Sir William, Particulars of the prefent State of Mount Vefuvius, with a 
Journey into the Province of Abruzzo, and a Voyage to the Ifland of Ponza, 
p. 365. With the affiftance of Father Piaggi kept a journal of the operations of 
Vefuvius from Auguft 1779 to the prefent time, p. 366. 

Harrogate, Obfervation on* the fulphur wells there, p. 171. Only three wells in 
J733; the fourth made about forty years ago, p. ibid. Several other fulphureout 
fprings there, p. 172. Salt recommended to be added to the water for bathing, p. 
X75. Temperature of the fprings, ibid. All the fprings impregnated with common 
fait, p. 177- Medium quantity of fait about two ounces to the gallon, p. 178. 
Obfervations and experiments on the fulphureous impregnation of thefe waters, p. 
lyg. The water fprings out of Shale, p. 187. 

Hsat, new experiments upon, p. 273. Conduaed in the fame manner as the dearie 
fluid, p. 274- Atmofpheric air a better conduaor of heat than the Torricellian 
vacuum, p. 2S6. Description of the inftruments made ufe of, p, 274. 278. 287, 
Experiments on the conducing power of moift air, p. *94. Experiments with air 
of different denfities, p. 298. Experiments on the conduaing powers of water and 
of mercury, p. 301. Table of the condufting powers of the various experiments, 
p. 303. Additional obfervations on making a thermometer for meafuring the higher 
degrees of, p. 390, , 

Htlix, Pefcription of a new-difcovered Britilh (hell, called the Fountain Helix, p. 
165. The tender prickly Helix, p. 166. 

Hrgatic Air, experiments on, p. x 18. What are its properties, ibid. General ebarafters 
of, p, 127. k The aaiott of hepatic and other aerial fluids on each other, p. 130. 
The aftion of hepatic air, and acid, alkaline and inflammable liquid, on each other, 
p. 137. The properties-of water (aturated with it, p. 141. The properties of alka¬ 
line 
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line liquor* faturated with it, p. 143. Its confiitution, p. 144. Of phofphorie 
hepatic air, p. 150. Firll difcovered by Profeffor Bergman, p. 180. 

Herfcbel, Dr. William, Catalogue of One Thoufand new Nebula: and Cluflers of Stars, p. 
457. Jnftruments ufed by him in making the obfervations, p. 457. His method of 
making obfervations, p. 458. Inveftigation of the Caufe of that Indiftin&nefs of 
Vifion which has been afcribed to the Smallnefs of the Optic Pencil, p. 500. 

Hevelius , the pains he took in dividing circles, p. 2. 

Hindley, Henry, explanation of his method of dividing circles into any given number of 
parts, p. 19. Extra# from two of his letters to Mr. Smeaton, explaining hi* 
method, p. 25. Propofed improvements to his method, p. 31. 

Hook, Dr. his defcription of a quadrant, p. 2. 


Indians of North America, particulars relative to their nature and cufloms, p. 329. 
Enquiry into their fuppofed want of beard, ibid. Pluck out their beards, p. 230. 
Colonel Butler’s opinion on that fubje#, p.231. Captain Brant’s opinion, p.232. 

Indians of the Six Nations, divided into the Turtle-tribe, the Wolf-tribe, and the Bear 
tribe, p. 233. The Chief or Sachem of each tribe hereditary in the family, but 
appointed by the chief who dies, ibid. The chief warriors hereditary, p. 234. 
Have great women as well as great men, who hold feparate councils, ibid. Their 
friendihips, ibid. 

Infinite Series, Dr. Waring’s Paper on, p. 8r. 

Infirnrntm, on the divifion of, p. 8. Improvements by Mr. Bird, p. 13. Improve¬ 
ments by Mr. Ramfden, p. 17. Improvements by Mr. Hindley, p. 19. Improve- . 
meats by Mr. Smeaton, p. 31. 

Introfufceptien, hiftory and djffeftion of an extraordinary one, p. 305. 

Iron, (mail quantities of, in other metals may be the caufe of their affedting the needle, 
p. 6a. 

Ifcbia, Ifiani of, account of a column of boiling water in the fea, near, p. 370. 

Jupiter, obfervations of Me firfi fateliite, from June 3, 1782, to Dec. 2, *783, at 
York, p. an. 


K. 

Ked£efione-Waler (Derbyfhire), may be rendered fmrilar to Harrogate by difloJring 
common fait In it, p. 178. 

King, Edward, Account of a Subfideace of the ground near Folkftoae, p. no. 
Kirtuan, Richard, Experiments on Hepatic Air, p. 118. • 


L, 
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Itnfm, J.t, C*%, Hitoi-y 
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Livbt and Colours, new experiments on the ocular Tpeftra of, p. }«V 
Lightfoot, Rev. John, Account of feme minute Bruifh (hells, p. 160. The freih-water 
Nautilus, ibid. The fountain Helix, p. 165. The tender pr.Aly Helix, p. 166. 
The fine-ringed Turbo, p. 167. The oblong frefii-water Patella, p. .68. 

Liver of Sulfihui , how made, p. ui. . 

Longitude, a recommendation of the method of determining the longitude of places by 

obfervations of the Moon’s tranfit over the meridian, p. 409. 

Lyon ,, Rtv. John, his account of a fubfidence of ground near Folkftone, p. 224. 


M. 


Maznets, experiments and obfervations on, p. 62. Small quantities of iron in metals may 
be fuppofed to be the caufe of their effeaing the needle, ibid. Experiments with 
Turkey ftone and nickel, p. 63. Method of hanging needles for the purpofe of 
making experiments, p. 64. Experiments on brafs, p. 67. Experiments on 
copper, p. 72. Experiments on zinc, ibid. Experiments on platina, p. 73. Ob- 
‘ fervations on the declination of the needle, p. 4 * 4 - 
Magnifying OhjeSs, a new method of, p. 346. 

jj; on the excefs of their mortality to that of females, 3 49 - Why more fubjeft to 

mortality, p. 351. From E rowln S t0 a larger fize Vter ‘* P ' 3S *’ Fr ° m th * 
difeafes of great towns, p. 353* .... . . ., 

"Ma (he font Dr. improvements made in the zenith fedtor by him, p. 12. Advertifementof 

the”expe£ted Return of the Comet of and i66r in the Year 1788, p. 426. 
Marms, his villa near A.pino, in the province of Abruzzo, converted into a convene 

of the order of La Trappe, p. 3 ^ 9 - 
Mercury, experiments on its power of conduaing heat, p. 301. 

Mercury (Planet) obfervations on his tranfit over the fun’s dilk, May 3, 1786, at Lou¬ 
vain, in the Auftrian Netherlands, by N. Pigott, p. 384* 

--by E. Pigott, p. 389. 

Meridian, method of finding the difference between Greenwich and York, p. 410* . 
MefRna, note of the prefent ftate of, refpeaing the earthquakes, p. 380. 

Metals, the properties of feme metallic fubftances with refpeft to magnetifin, p. M* 
Moon, Obfemtion of the eclipfeof the moon, Sept. 10, 1783, at York and Paris, p. 

415. Hints for the more exaft obfervation of edipfes of the moon, p, 410. 

Mo o ri ng Rock, reafohs. for its being totally forgotten, p. 223. 

Morality, oa the excefs of, of males to females, p. 349 * Mur al 
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Mural Quadrant, defeription of that invented by Mr. Flamfteed 1689, p. 5. Improve- 
mentB in. by Mr. Graham, p. 10. 

Mu/e/ts, the laws that govern the mufclee have the fame influence on the retina of the 
eye, p. 324. 


N. 

Nah, John. M‘, Experiment* at Henley-Houfe, Hudfon’s-Bay, relating to freeing 
mixtures, p. 241. 

Naples, ill built, and in great danger from (hacks of earthquakes, p. 366. 

Nautilus, defeription of a newly difeovered Britifh (hell belonging to that family, called 
the frefh-water Nautilus, p. 160. 

Newton, Sir Ifaac , the utility of finding fluents by conftruftion, manifeft to him, 
p. 441. 

Nickel, magnetic*! experiments on, p. 63. 

Nitre, Add of, experiments refpefting freezing, with the common and dephlogifticated, 
air, p.247. 

Nitre, Spirit of, experiments of a freezing mixture by the addition of fnow, p. 242. 
Experiments of oil of vitriol, p. 269, 


O. 

« 

Ocular SpeBra flight and Colours, new experiments on, p. 313. Four kind* of, 
ibid* 

Optic Pencils a See Eju 


P. 


Pdmarele, Ulead of, account of, p. 376. 

Parabfis, temporary ones generally fucceed to continued irritations and violent exertions, 
p. 332. t 

pa tella, defeription of a newly difcovered Britifh ftell, called the oblong freih-water 
Patella, p. 168, 

Paterfon, WHJiam, account of a new eleftrical fiih, p. 382. 

Phojphoric Hepatic Air, account of, p. 130. 

Piaggi, Father Antonio, affifts Sir William Hamilton in keeping a journal of tbe opera* 
tions of Mount Vefuvius, p. 366. 

PctrefaBion , conjectures relative to tbofe found hi St. Peter’s Mountain, near Maeflricht* 
jq. 443. Not the bones of crocodiles as at firft fuppofed, ibid. Suppofed to belong 
to a Phyfeter or Breathing.fiih, Delphinus or Orca, p. > 445 ' Thofe found near 
Whitby in Yorkfhire, and fuppofed to belong to a Crocodile, prove to be the 
VouLXXVl, Y y y fceleto* 
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* ‘ fceleton of a Balsena, p. 44$. Very few petrefaftions of bones of birds, none of 
human bones, ever found, p. 4i I- 

Pigott, Edward, his oofervations on the variation of the light of the ftar masked » by 
Bayer, near the head of Cephus, p. 57. Obfervations and Remarks on thofe Stars 
which the Aftronomers of the laft Century fufpeaed to be changeable, p. 189. 
Obfervations of the Tranfit of Mercury over the Sun, May 3, 1786, at Louvain in 
the Netherlands, p. 389. The Latitude and Longitude of York determined from a 
Variety of Aftronomical Obfervations; together with a Recommendation of the 
Method of determining the Longitude of Places by Obfervations of the Moon’s 
Tranfit over the Meridian, p. 409. Aftronomical obfervations made at York from 
July 1 1781, to Dec. 15, 1785, p.423. 

figott, Natbatdd, Obfervations of the Tranfit of Mercury over the Sun’s Difc, May 3,, 
1786, at Louvain in the Netherlands, p. 384. 

PUtting, magnetical experiments on, p. 73. 

Po«za, IJlandof, a voyage to, p. 365. Account of the ba&ltes there, p. 373. Subject 
' to earthquakes, p. 377. 

trcfenU made to the Royal Society in 1785, p. 508. ' , 

Price, Richard, on the mortality of male children, p. 34J. 

Q 

Quadrant, Dr. Hook's description of, p. 2. ( 

R. 

J lain, regifterof, in 1785, at Lyndon in Rutland, at South Lambeth in Surrey, and at 
Selhourn and Fyfield, Hampfhire, p- 236. Obfervations on the increafe of rain in 
every year from 1740 to 1780, and its influence on the crops of corn and hay, 
p. 239. 

Ramfden , Mr. his improvements of gradations, p. 17. His improvements in dividing 
theodolites, p. 18. Receives a handfome reward from the Board of Longitude, p. 18. 

Reenter, Olaus, began his domeftic obfervatory at Greenwich 1715, p. 7, 

Reman Antiquities, account of fome tilea found in the ifland of Ventotiene, . p. 37a. 

Roy, Major-general William, Sir Godfrey Copley's medal for 1783 given to him, 
p. vii. 

Rryal Society, their declaration of not giving their opinion on, or fan&ion to, any thing 
laid before them, p. iii. Prefents in 1783, p. 309* 

S. 

Salt, recommended to be added to Harrogate water for bathing, p. 173. AH the fprings 
at Harrogate impregnated with common fait, p. 177. 

obfervationon the variations of, fiora 1740 to 1780, p» *39. 


&xteut r , 
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Sextant, deferiptiom of one contrived by Mr. Flamilcrd, p. 3. Improvement mack oa 
it, p. 4. 

Shale, various properties of, p. 186. 

Map-Water (Weftmorcland) may be rendered fimilar to Hariogate water by diffolving 
common fait in it, p. 178. 

Sharp, Abraham, (fervant to Mr. Flamfteed) encomiums on him, p. 5. An excellent 
maker of mathematical inftruments both in wood and brafs, p. 7. 

Shells, defeription of fbme minute Britilh ihells, p. 160. The fiefh-water Nautilus, 
ibid. The fountain Helix, p. 165. The tender prickly Helix, p. 166. The fine 
ringed Turbo, p. 167. The oblong frefli-water Patella, p. 168. Gold fhells brought 
from the Weft Indies fuppofed not to be ihells, but a fpecies of cochineal in its pupa 
ftate, p. 168. 

Sme a t on, John, his Obfervations on the Graduation of Aftronomical Inftruments, with 
an Explanation of Hindley’s Method of dividing Circles, p. 1. 

Snow, experiments refpedting freezing by mixing it with fpirit of nitre, p. 24*. Expe¬ 
riments with common anddephlogiflicated acids of nitre, p» 234* 

Soap, pracefis for the making of it from diachylum, fea fait, and fpirit of wine, 
p. 158. 

. SpeMra, new experiments on, p. 313. Four kinds of, p. ibid. Of the activity of the 
retina in vifion, p. 314. From the defedt of fenfibility, p. 317. Suppofed defefls 
in the eye from obferving fpeftra, p. 318. From excefs of fenfibility, p. 320. Of dired 
ocular fpedira, p. 324, Of reverfe ocular fpeftra, p. 327. Mifcellaneous remarks, 
p. 333. Rules for determining before-hand the colours of all fpe&ra, p. 3 36. 
Conclufions, p. 347. 

Spirit of Wine , Obfervations on the affinities of fubftances in, p. 155. 

Stars, obfervations on, and a difeovery of the period of the variation of the light of 
the ftar marked J by Bayer, near the head of Cephus, by Mr. Goodricke, p, 48. 
Obfervations by Mr, Pigott, p. 57. Obfervations on the variations of 0 Lyras, 
Algol, and e Perfei, p. 60. Obfervations and remarks on thofe flaw which the 
aftronomer$ of the laft century fuppofed to be changeable, p. 189. Catalogue of 
variable ftars, reduced to the beginning of 1786, with obfervations, p. *91. Obfee. 
various on the famous Nova of 15 7 2 Calliopes, p. 192. Obfervations on the 
. Ceti, p, 193. Obfervations on Algol, p. 194. Obfervations on Mayer’s N° 420, 
ibid. Obfervations on the variable, in Hydra, p. 195. Obfervations on the famous 
Nova of 1604 in Serpentarius, p, 197. Obfervations of 0 Lyra;, ibid. Obfervatiou# 
on the Nova near the Swan’s head of 1670, p. 198. Obfervations on *1 Anrinoi, 
ibid. Obfervations on the variable, in the Swan’s neck, p. 199. Obfervations on the 

1 • Variable, in the Swan’s breaft, p. 201. Obfervarion on the & Cephei, p. 202. ' Obfcr- 

*" Vatldns on Hevefias’s 6th‘Caffiope*, p. 203. Obfervations on the 4&h or f Andro- 
*ried«, ibid. Obfemtions on Flamfteed’s 50, 52 t Andromedse iftd Hevteltas’s 
41 Andromeda:, p. 204. Obfervations on Tycho’s 20th Ceti, ibid, Obfervations on 

, ' ' * * y y y S Flamfteed’s 
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Tlafflfteed’s JJth Andromeda marked neb. in his Catalogue, ibid. Operations on 6 of 
Ptolemy’s and Ul. Bleigh’s 17th Eridani, p. 203. Obfemtions on Flamfteed’a 41 Tanri, 
p. 20s. Obfervations on the a°| North of 53d Eridani and 47 Eridani, ibid. Obferva- 
rionson y Cams Majoris, p. 206. Obferations on « (3 Gemmorum, p, 206. Obfer- 
vations on | Leonis, ibid. Obfervations on + Leonis, ibid. Obfemtions oa 
25th Leonis, p. 207. Obfemtions on Bayer’s i Leonis or Tycho’s 1* Leonis. 
p. ibid. Obfervations on J Urfse Majoris, ibid. Obfemtions on a Virginia, p. 207, 
Obfervations on Bayer’s ftar of thcfixth magnitude, 1 “South of g-Vu-gkus, p.208. 
Obfemtions on the ftar in the northern thigh of Virgo, ibid. Obfemtions on 91 or 
92 Virginis, p. ibid. Obfervations on « Draconis, ibid. Obfervations on Bayer’s ftar 
in the weft feales of Libra, ibid. Obfervations on Ptolemy’s and Ul. Bleigh’s N° 6. 
of the unformed in Libra, p. 209. Obfervations on x Libra, ibid. Obfervations on 
Tycho’s nth Librae, ibid. Obfervations on 33 Serpentis, p. 210. Obfervations on 
a ftar marked by Bayer near» Urfe Minoris, ibid. Obfervations on the P or Ptolemy’s 
and Ul. Beigh’s 14th Ophiuchi or Flamfteed’s 36th, ibid. Obferations on Ptolemy’s 
13th and 18th Ophiuchi, 4th magnitude, p. an. Obfervations on <r Sagitarii, ibid. 
Obferations on 8 Serpentis, ibid. Obfervatioas on Tycho’s 27th Caprieomi, ibid. 
Obfervations on Tycho’s 22d Andromeda and 0 Andromeda, p. 212. Obfervations on 
Tycho’s 19th Aq-uarii, ibid. Obferations of La Caille’s 483 Aquarii, ibid. Sop- 
pofed variations generally occafioned by miftakes of aftronomers, p. 213. Difficulties 
in afeerraining variations, p. 214. Lift of periodical ftars, ibid. Obfervations on 
the variable ftars in Hydra, p. 216. Obfervations on the * Antinoi, p. 2 17. Obfer« 
vations on the variable in Cygnus’s neck, p. 218. Their twinkling appearance 
accounted for, p. 322. Hints ufeful in obferving the R.A. of ftars, p. 420. Cata¬ 
logue of one thoufand new nebula and clofters of ftars, p. 457. Inftruments nfed 
in m akin g thefe obferations, ibid. The order obferved in the diftribution of the 
nebula and cluftera of ftars, p. 466. Arrangement of the columns and explanations 
of the abbreviations, p. 468. Tables of the obferations, p. 471. 

Subfidtnet of tbt Ground, near Folkeftone, p. 220. The caufe accounted for, p. 225. 

Objections to Mr. Sackette’s account of a fimilar phenomenon, p. 226. 

Subfances, on the affinities of, in fpirit of wine, p. 155. 

Sulphur, Liver of, how made, p. 121. 

Sulphur Wdb, at Harrogate, obfervations on, p. 171. Obferations and experiment! on 
the ftdphureous impregnation of Harrogate water, p. 179. 


T. 

ftltfapti, method of difeovering the error of the line of collimation, p. 422. Hiftorp 
of that of 20-feet made ufe of by Dr, Herfthel, p, 458. Hints for due improvement 
S*S«S» 

* Tbitdetitts, 
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Theodolites, improvements in the method of dividing them, p. 18. By Mr. Ramfden, 
ibid. 

Thermometer, regifter of, in 1785, at Lyndon in Rutland, p. 336. Additional obfer- 
vation on making a thermometer for meafuring the higher degiees of heat, p. 390. 
The difficulty of obtaining clays of the fame thermometrical properties, p. 398. 
The difficulty remedied by a mixture of alum earth, p. 403. 

Thompfon, Str Benjamin, New Experiments upon Hear, p. 273. 

Torricellian Vacuum, experiments with, upon heat, p. 274. Diie&ions for making, p. 

275. Not lo good a conductor of heat as the atnaofpheric air, p. 286. 

T unfit Injlrument, hiftory of its origin and improvements, p. 7. 

Tuih, defcription of a newly difcovered Britifh Ihell, called the fine-ringed Turbo, 
p. 167. 

Tw key Stone, magnetical experiments on, 63, 


V. 

Ventotiene, Ifiandof, account of, p. 371. Some particulars of the birds there, p. 372. 

Account of fome Roman dies found there, ibid. 

Fefwvius, fome particulars of the prefent flate of, p. 365. Account of the eruption in 
November 1784, ibid. The appearance of the mountain altered, p. 369. A journal 
of ks operations kept by Sir William Hamilton and Father Piaggi from Augufl; 
1779 to tk* P ie f ent time, p, 366. 

Vince, Samuel, a new method of finding fluents by continuation, p. 432. 

Vifion . See Eye. 

Vitriolic Acid, experiments on freezing, made with it, p. 263. 

Vitriol, Oil of, experiments on freezing, by mixing it with fpirit of nitre, p. 269, 
Volcanos, rather of creative than deflruftive powers, p. 378. Advice to young ob* 
ftrvers of, p. 379. 


W. 

Waring, Edward, on Infinite Senes, p. 81. 

Water, properties of, when fatnrated with hepatic air, p. 141. Experiments on 
its power of codu&ing heat, p. 301. 

Watfin, Bp, tf Landaff, Obfervationa on the Sulphur Wells at Harrogate, p. 171. 
Weather, obfervations on, in 1785, p. 237. On the variations of ftafons, p. 238. 
Wedgwood, Jofiah, Additional Obfervations on making a Thermometer for meafuring 
the higher Degrees of Hear, ~p. 390. 

Wbateb, Timas, Difledtion of a Body dead of an extraordinary Introfufception, p. 306. 
1 Whiffy 



White, Thomas, Regifter of the Rein at South Lambeth in Surrey, *nd At Selboum nut 
Fyfitld, Hampshire, p. *36. 

H'incy Spirit of, experiments on freezing, p* tCg. 


y. 

Tork, the latitude and longitude of, determined from a variety of agronomical obfer- 
vations, p. 409. Method of finding the difference of meridians between York and 
Greenwich, p. 410, Determinations for the latitude of York, p. 4 2 r * 

Z. 


Zannone IJland, account of, p. 376. 

Zenith ScHor, completed by Mr. Graham, 1727, p. in Improvements in, by Dr. 
Maikelyne, p. T2. 

Zinc, magnetics! experiments on, p. 72. 
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